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ABSTRACT

The Jjoint RAND/Bellcomm report is intended to define the
basic Apollo CM in-flight checkout requirements, and to
speclfy a manner of testing based on these requirements.

Four major electrical and electronic subsystems in the CM
are examined in detail to obtain inferences in testing
procedures, number and types of test points, and types of
measurements required.

The conclusions drawn from this study are:

lo

That the G&N Computer be redesigned using redundancy
to achieve greater inherent reliability.

A redesign of the PCM telemetry system providing
redundancy, by duplication within the same welght
limits, may prove to be the preferred way to achieve
the desired reliability.

For the subsystems examined, and with the computer
and PCM systems not included in a maintenance concept:

a. Confidence testing points, not operationally
displayed, be displayed by light indicators
driven by individual comparators.

b. Diagnostic testing be accomplished by statlonary,
hard-wired, multirange VIVM,

The recommended system 1is achilevable if the proposed
NAA-IFTS implementation is modified to:

a. Include stimuli.

b. Remove comparators from diagnostic test points.
¢c. Include more diagnostic test points.

If a reliable G&N Computer is avallable, a better
in-flight checkout system may be achieved by supple-

menting the VIVM system with the PCM Computer
configuration to reduce overall crew work load.
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1.0 Introduction

On-board testing will play at least two important roles during
the Apollo mission. Test results will be used to make oper-
ational decisions, and in the event of equipment failure,
on-board testing will be necessary to ascertailn the nature of
the problem and to assist in any corrective actions. The
question that will be addressed is: what should be the nature
of the test system that is placed aboard the command module,
to assist in the functions of making operational decisions and
restoring the spacecraft to a mission-ready condition in the
event of "equipment failure? These roles are often called
confidence testing and diagnostic testing, respectively.

The results presented in this report are based upon a joint
Bellcomm/RAND study that was performed during the past 2 1/2
months. The study was done quickly and therefore some of the
data 1s sketchy and some problems that require a thorough
analysis were considered only cursorily. In other areas impor-
tant experimental evidence 1is lacking and therefore one could
only speculate on the outcome of some future programs and
developments. For example, it is not really known what the
physiological and psychological condltions of the astronauts
wlll be after, say, a week of isolation in space under mission
conditions. An attempt will be made to point out the most
serious deficiencies of information, to show why an unequivocal
solution cannot be presented at this time. However, the under-
lylng reasoning and the nature of the test system that follows
from this reasoning will be presented.

1.1 Mission Profile and Roles of Checkout

Let's examine the Apollo mission profille and the roles of
testing in that context. 1In the first Figure (Figure 1), a
typical profile for part of a lunar landing mission is
deplicted. The significant events in the mission are indicated,
as are the anticipated time-loading of the three astronauts--
for mission required tasks other than maintenance and checkout,
per se.

A decision must be made prior to each of the significant
mission events. The question of whether to proceed with the
mission or abort must be answered, and if the mission is to
proceed, the astronauts must decide on how. That is, they
must select a mode to employ and the on-board equipments to
use during at least the next mission phase. Decisions such
as these must also be made between the indicated points--in
fact, they must be made contlnuously.

~CONRBENF—
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1.1.1 Confidence Testing

Let's examine one of these decision points paying particular
attention to the nature of the decision and the role of checkout
in making this decision; this role is called confidence testing
or status evaluation. Let's assume that the mission has pro-
gressed to the point where the crew is preparing to enter lunar
orbit. At this point the crew has information concerning the
events that brought them to this point. They know about past
repairs and corrections, and they may know about past errors
and failures. They have information about the quantity of

fuel and 1life support remaining and they should know what

this information means in terms of mission capabilities. At
this point they must look ahead and select a path to follow.
This means that they must select a set of spacecraft equip-
ments and ground operations that they will place primary
reliance upon.

Schematically, the selection of a continuation path looks like
this (Figure 2). At this point in the mission, these are the
equipments that could be used for the next two mission phases.
Their relationships with respect to primary or secondary nature,
or series of parallel arrangements are also shown. Thils Figure
will not be discussed in detail, but the point is that they
must select a path of equipment to rely upon and this selection
must be made within the existing operational context. This is
the decision problem, and it clearly is not an easy one. It
deserves and will be given further analytical treatment.

For the purpose of this study, an answer has been assumed to
this problem. The assumption is that each decision will be
made using the simple operational decision rule of: search
and find an acceptable open path for the next mission phase.
This means that the crew must obtain data on each of the
equipments which could be used, determine which of them could
be relied upon to perform during the next mission phase, and
select a workable set from these. Assuming that the crew is
explicitly trained for this decision-making task, and this
appears quite reasonable, then there is no reason to expect,
at the present time, that they could not function adequately
in this role. The confidence testing role of the on-board
checkout system is to provide the necessary information on
the equipments' conditions--both current and projected.
Flight displays provide much of this information, simulated
operations using flight controls and displays would provide
much of the remaining information, and later in this report
consideration will be given to ways of augmenting the flight
displays to provide an adequate confidence testing capability.

SCONHDINTHAL™



This points out a ground rule that has been adopted. Ground
rule: when planning the checkout system, maximum use should
be made of data that is avallable in the spacecraft for cther
purposes. This data 1s essentially free for the purpose of
checkout.

1.1.2 Diagnostic Testing

Let's go back to the mission profile (Figure 1) and consider
the other role of checkout equipment -- that of assisting 1n
the maintenance function. Before considering diagnostic
testing within the maintenance function, however, let's first
examine the potential need for maintenance, the anticipated
astronauts' capabilities for testing, dlagnosis, and repair,
and the time during which maintenance could be performed.
Each of these contextual issues will be discussed; other
sections will discuss particular vehicle equipments and their
maintenance and testing needs.

The need for maintenance arises out of equipment failures,
and the number of failures that can be anticipated depends
very much upon whose reliability estimates one uses. Using
present contractors' estimates for example, it is estimated
that the probability of at least one critical failure during
the mission 1s on the order of 50%, and the probabillity of 2
or 3 failures is on the order of 10%. At thls point in the
program, however, one can select reliabllity estimates to
support almost any position. The objective is not to play
the numbers game, but merely to explicate the almost obvious
point that, using the present design concepts, in-flight
maintenance will be required for a successful mission, and
from this to show the need for test equipment and spares.

In fact, this study has found that, using present design
concepts, all of the electronic systems in the command
module will require maintenance and spares to meet their
reliability goals. Some of these failures could be avoided
by using more bullt-in redundancy; in at least one case, less
redundancy appears desirable, and an examination of these
provisions in detail is contained in subsequent sections.

The balance will require either functional redundancy, so
that the mission could continue in spite of the failure, or
spare parts and a maintenance capability.



It is also clear that the probability of mission success will
depend on the type and quantity of spares avallable. They will
not all be used, but they must be available when needed. The
more spares--the higher the probability of success. Therefore,
since welght allocated to test equipment will probably detract
from the weight allowable for spares, one should search for the
lightest test system, that 1n conjunction with the spares, will
satisfy the malntenance requirements. -

Considering the crew's capability to perform maintenance,it seems
reasonable for the Office of Manned Space Flight to insist that
at least one crew member should be technically competent to per-
form fault dlagnosis and module replacement--when assilsted by

the test system. In keeping wlth the self-sufficiency concept,
it i1s not unreasonable to require the other crew members, as well,
to be trained for maintenance operations. Provided that this
tralning in maintenance operations is gilven, and provided that
work-rest cycles are observed so that the crew is not excessively
fatigued, then it appears that the astronauts would be physically
capable of performing mental, interpretive maintenance operations
such as those inherent to fault diagnosis, except possibly in
periods of extreme time pressure when they would be forced to
rely upon back-up systems and alternate modes. If provisgion is
made for physical stability during maintenance, that is, 1f body
supports and attachments are provided, then a growing body of
experimental evidence indicates (but not conclusively, as yet)
that the astronauts should be physically capable of performing
maintenance operations such as to remove and replace, even small
modules, and to manipulate such items as bits and pieces of elec-
trical and electronic egquipment. The task of the test equipment is
to assist in failure recognition and isolation, that is, 1t must
be effective for diagnostic testing. There are several kinds of
test systems that could do this and they will be deseribed and
evaluatéd later.

Allusion has been made to the times within which maintenance

could occur, but have not been covered explicitly. It can be

seen what these times are on this typical mission profile (Figure
1) which shows time patterns of crew rest and work. Note that

the time-critical points, during which the:astronauts would be

under the greatest psychological stresses, are in earth orbit,
where they are fresh, can rely upon earth for assistance and

could take a second orbit if necessary, and among other points,
Immediately prior to each phase initiation. With respect to the
time for maintenance, then, one must plan the test system to assist
in finding a faulty part within the allowable time and to the extent
that time constraints and psycholpgical stress would preclude a re-
liable maintenance operation, provision for redundant systems or
alternate modes must be made.

COMNTD MRl
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What are these allowable times? Data has been extracted from
these time lines into representative times available for
checkout and repair prior to important mission events (Figure 3).
The times listed under "in couches'" are the durations during
which the astronauts would be constralned in their couches,

but would have time to perform checkout functions. The times
listed as "at bay" are the times during which the crew could

be working freely at the instrument bays within the command
module, It appears that the time avallable for checkout only
would be at least 20 minutes in each instance, and the more
eritical time--that for maintenance--appears to be of the order
of one hour or more. Therefore, to be consldered, a test
system must provide the capablllty to make status evaluations
and phase initiation decisions in at most 15 to 20 minutes and
repair of a falled system in about an hour. Each of the
alternative systems that will be presented later will provide
these capabilities.

1.2 LEM Interaction and Roles of Earth

Before initiating a system-by-system discussion of test and
malntenance needs and possibllities, there are two more
background and contextual topics that wlll be discussed
briefly. First, there 1s the matter of the interactlon
between the LEM and the CM/SM checkout system. During the
study the LEM has been generally neglected, partly because
checkout of the LEM using CM equipment 1s no% par% of the
current Apollo plan. Realize, however, that further study
might show it to be desirable to check on the status of some

equipments using the CM checkout system. In that event,
since the equipments to be placed aboard the LEM should be
of the same general nature as those of the CM/SM, it appears
that any test system that could handle CM/SM equipments
could, with high likelihood, be augmented and made capable
of some remote LEM checkout,

A few of the desirable checkout and maintenance roles of earth
will be considered in the following sections. 1In general,
however, the test systems described are consistent with the
concept of crew self-sufficiency. Nevertheless, the Earth
stations could play a significant support role for checkout
and maintenance., Given that much of the spacecraft data
obtalned during normal operations will be telemetered to
earth, and considering that the data bank and pre~launch
checkout data will be available at IMCC, there are several
support roles that are obviously desirable. One of these is
the constant evaluation of data to ascertain the existence
of harmful trends. Another is the use of systems experts to
asslst the astronauts in locating and alleviating the causes
of equipment problems.
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So much for background and context; consideration will now
be given to the test and maintenance needs of four groups of
CM/SM equipment that collectively constitute 80 to 90 per
cent of the electronics and most of the electrical equipment.
Then several alternative test systems will be presented and
thelr relative merits, shortcomings, and costs discussed to
show which of the systems 1is preferred.
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2.0 System Discussions

This section is concerned with in-flight testing of the
Stabilization and Control System (SCS), the Electrical
Power System, the Communicatlons and Data Subsystem and the
Guidance and Navigation System in the Command Module (CM).
An attempt 1s made to outline reasonable in-flight test con-
cepts, specifically for confidence and diagnostic testing,
and to indicate the implicatlions for hardware implementation
in accordanceé with the concepts. The specific recommended
implementation 1s discussed in Section 3.0.

Particular note should be made of the fact that the systems
are in relatively early development stages, and are under-
golng significant changes as designs progress. Thus, the
data and designs referenced in thls report must be recognized
as preliminary and subject to change, and should not be used
out of this context. The arguments presented are accordingly
substantlally qualitatlive 1n nature.

2.1 Stabilizatlon and Control System

2.1.1 System Description

The SCS 1n the CM 1s instrumental in the performance of rate
damping during launch abort, three axls attitude control,

three axis translation, propulsion, and display of spacecraft
dynamics. SCS control is activated for flight phases involving
the combined CM-Service Module (SM) and the CM alone.

Attitude control and translational control are accomplished
through SCS outputs exciting the Reaction Control System (RCS)
Jet relay colls, References for attitude maneuvering are
derived from the Inertial Platform (IMU) of the Guidance and
Navigation System (G&N), or from the body-mounted attitude
gyros (BMAG's) within the SCS.

Firing time and thrust vector direction for the Service
Propulsion System (SPS) are established by SCS control out-
puts. Specifically, pitch and yaw reference signals for
engine gimbal positioning are processed in the SCS in thrust
vector control gTVC) circuits. Firing-duration signals from
the G&N system (via SCS) are backed up in the SCS by an x-axis
accelerometer, processing electronics, and displays of velo-
cities remaining. Figure 4 illustrates the functional content
of a single channel,®'
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Three major operational displays are provided as part of th
SCS. The Flight Director's Attitude Indicator (FDAI) provi
continuous display of spacecraft attitude, attitude error,
and body rates in three axes, The Gimbal Position Indicator
(GPI) displays SM engine gimbal position in pitch and yaw.
The AV indicator displays the remaining velocity increment
to be achieved during a propulsion phase.

e
Aaoa
A\ b

The SCS 1s packaged 1in 12 subsystems as indlcated by Figure 5.
Major portions of the electronics are contained in the five
Electronic Control Assemblies (ECA's). Modular construction
is utlilized throughout, with all 12 subsystems being designed
for elther module or total replacement, given access within
the spacecraft, Currently, only the FDAI is inaccessible for
replacement, although deslign changes in the astronaut's con-
trol panel are being studied which may alter the situation.
Figure 5 also 1ndicates the subsystem weights, volumes,
modular content, and potential duty cycles.

Minneapolis-Honeywell (M-H) studies currently indicate an
approximate average module replacement time of 40 minutes
for the ECA's. Rate and attitude gyro replacement times are
in the order of 5 to 20 minutes, although 20 minutes warm-up
1s required for the attltude gyros.

M-H currently 1s estimating the overall system MTBF at 650
hours. Based on 150 hours operation, reliability is in the
order of 0.8, The electromechanical devices, particularly
the FDAI and attitude gyros appear to be pacing the overall
reliability. '

2.1.2 Mission Profile

For purposes of SCS operation, the following mission ilncre-
ments appear loglcally sulted to test orlented discussions:

1. Launch

2. Earth Orbit to S-IVB Jettison

3. Translunar Flight
a. Orientations, Alignments, Sightings
b. Mid-course Corrections
¢. "Routine" Attitude Maneuvering

4, ZLunar Injection
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Lunar Orbit

a. Orilentations, Alignments, Sightings
b, Lunar Observation

c¢. LEM Rendezvous and Docking

d. "Routine" Attitude Maneuvering
Transearth Injectlon

Transearth Flight

a. Orientations, Alignments, Sightings
b. Mid-course Corrections

c. "Routine" Attitude Maneuvering

Re-entry

The probable mode of SCS operation during each of the listed
increments 1s discussed in the following sections. This does
not represent a detalled study of SCS profiles, but is con-
sidered sufflcient for later identification of types of events
significant to testing philosophiles.

1,

Launch -~ SCS primary mode of operation will be in the
monifor mode during launch. The FDAI will display total
spacecraft attitude and angular rates. Attitude error

1s not displayed due to differences in G&N and S-IVB
guidance equations. No SCS control functions are required
durlng a nominal launch.

Astronauts will be restrained during the launch phase,
thus preventing any activities other than those imme-
dlately avallable at the control panels,

Earth Orbit to S~-IVB Jettison - Current design implies
contlnued SCS operation iIn the monitor mode during earth
orblt., Interlocks inhibit RCS jet firing until the
S-IVB has been jettisoned. Such a restraint is of
particular note for testing considérations, since any
form of controlled dynamic testing 1s ruled out.




However, slnce sighting and alignment requirements exist
during earth orblt, some form of manual control of the
CM/SM/S-IVB will be required, Use of the SCS control
electronics, at least partially, for firing S-IVB reaction
Jets has been suggested recently.* Such an implementation
could affect test philosophles, from the standpoint of
equipment avallabllity for testing, and types of tests to
be consgldered,

Translunar

a. Orientations, Alignments, Sightings - Primary SCS
mode for these functions 1ig G&N attitude hold,
The number of such operatlons 1s not well defined,
but they should occupy an appreciable portion of the
mission. In general, the SCS attitude control mode
may also be used to perform similar maneuvers,

b. Mid-course Corrections - Mld-course corrections will
generally be preceded by a series of sightings and
alignments in the G&N or SCS attltude control mode.
The G&N AV mode wlll be the primary propulsion mode.
Total operating time In these phases will be rela-
tively short, 1n the order of seconds.

¢. "Routine" Attitude Maneuvering - During "routine"
attitude maneuvers; that 1s, when G&N is not avail-
able, or slghting and allgnment requlirements are lesgs
severe, the primary operating mode is expected to be
SCS attitude control.

Lunar Injection ~ Primary operating mode ls G&N AV.

Lunar Orblit - G&N and SCS attlitude control willl be required
perlodically for sightings, alignments, and orientatlons,

in the manner previously noted._ _The SCS local vertic%l
mode will be requlred periodically for visual observatlons

of the lunar surface. Manual x, y, 2z translations in
elther bthe G&N or SCS attltude control mode will be
requlired during docklng maneuvers,

Transearth Injection - Similar to lunar injection.

Trangsearth Flight - Similar to translunar flight.

Re-entry - Prime mode 1s G&N re-entry.

*Mechanization of the Apollo S-IVB/Spacecraft Guidance and

Control Interface, dated 21 May 1963, George C. Marshall

Space Flight Center, Huntsville, Alabama,

“CSONED AL L
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It is noted that at least one alternate mode exists wlthin

the SCS for a1l control modes. The attitude control alternate
modes may present some degradation in performance, but are at
least sufficient in all cases to permit continued flight until
a repair can be made. The alternate AV and re-entry modes
also may represent a degraded performance level,

In addition to the alternate mode capability, limited parallel
redundancy exists. Specifically, thrust vector control cir-
cuits employ parallel power amplifiers and control amplifiers,
and BMAG electronics and swltching capabllities exlist to '
permit rate gyro backup vlia the attitude gyros,

2.1.3 Confidence Testing Events

From observation of nominal misslon profiles, four classes
of "events'" are identifiable during or prior to which confidence
testing should be considered. These "events" are as follows:

1. Earth Orbit

2. Attitude Maneuvers

3. Major Propulsion Events
4, Re-entry |

During earth orbit, it is desirable to subJect the SCS to a
very thorough exercise of all its functions. This requlrement
is dictated primarily by the consideration of the possible
effects of the stress perlods of launch and ascent, Any
decision for further commitment obviously requlres evaluation
of total spacecraft status subsequent to the stress period.
Such an evaluation Impllies a checkout sequence.

Furthermore, since the SCS may be required for attitude con-
trol 1n abort situations during translunar injection, entering
this misslon phase without verification of SCS integrity could
present the astronaut with addltional declisions as to alter-
nates in an already "panic" situation.

Also, the purely emotional factors involving '"peace of mind"
of the astronaut and ground personnel can be best satisfled
by thorough earth orblt checkout prior to deep-space commitment,

Particular emphasls has been placed on earth orbit checkout
because the current SCS configuration is not "flyable" during
earth orbit due to fuel constraints and to inhiblt-circuits
preventing RCS activation until S-IVB separation. However,
as noted in Paragraph 2.1.2, this configuration is 1likely to
c..ange., Maneuvering the vehicle for test purposes only,
however, will involve fuel penalties., Thus, 1t is logical

to expect that some form of static open-loop earth orbit
confidence checking is required other than implicit confid-
ence checking through operational maneuvers.

EONRBR A
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After leaving earth orblt and separatlon of S-IVB, attitude
control in some form will be required almost continuously
throughout the mission. Although task loads and mission
profiles are not determined in detail, 1t is difficult to
establish a sequence of probable events in whlch an attitude
control fallure during the repeated series of maneuvers for
sightings, orlentations, alignments, etc. will not permit
either continuation of the maneuver in an alternate mode, or
postponement of the maneuver untll a repair is effected. For
this reason, a formal confldence test program for attitude
control circuits 18 not consldered a necessary inclusion in

the workload after leaving earth orbit. The implicit "flying"
status informatlon obtained without expenditure of additional
fuel or electrical power for test appears adequate. A possible
exception to this approach is the deslre to assure that the

RCS Jjets are not continuously firing in opposition to each
other due to a malfunction. It 1s doubtful that the astronauts
would be aware of such a malfunction, without supplementary
display.

Prior to attempting a major propulsion event, 1t is antlci-
pated that a form of "countdown" will be accomplished wherein
the spacecraft attitude is adjusted, elther by SCS or G&N
mode, and the engine gimbal 18 similarly positioned The
astronaut should then be able to verify. the "reasonableness"

of the positions assumed prior to initiating the firing
sequence, Thus, impliclt confldence testing will have been
performed operationally except for actual firing circults,

The adequacy of this approach 1s dependent .upon time criti-
callty and posslble alternate courses of action should a fallure
be detected during the "countdown". Time is critical since
delays in AV initiatlion will likely result in fuel penaltles.
However, redundant circults and alternate modes dilute the
repalr time criticality. Nevertheless, the checkout capa-
bility provided for earth orbit testing could be utllized at

least to verifﬁ the back-ups in addition to the implicit
primary mode checkout

M-H has noted that fallures of engine gimbal position cir-
cults resulting in :erroneous gimbal angles during long AV's
(1.e., lunar insertion, transearth injection) could result

in catastrophic tumbling, if not detected, and engine shutdown
effected expediently, Consequently, additional operatlonal
displays for continuous monitor of critical error signals

are under study by M-H, It appears that such dlsplays will
be Justified.
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The re-entry configuration for the SCS consists basically of
disabled pitch and yaw channels, roll rate to yaw rate coupl-
ing, and BMAG's in a back-up rate confilguration. In this
configuration, G&N or SCS reference sensors may be selected.
Manual attitude capabllities will likely be provided, with
the means for displaying the re-entry trajectory to the
astronaut currently under study by NAA. Fallures during
re-entry, or undetected prlor to re-entry dictate expedient
switch to an alternate mode. Since the implicit information
from "flying" maneuvers prior to re-entry is limited in its
application to re-entry, and since alternate modes probably
will provide a degraded trajectory, i1t appears essential to
verify the re-entry configurations sufficlently prior to
re-entry to permit repair, or at least provide expedient
declslon~-making information.

2.1.4 Confidence Testing

Figure 6 lists a representative series of "tests" to be
performed for a full confidence tegt of the SCS system in

both statlc and dynamic situations. Of primary note is the
fact that display* information 1s insufficient during static
test situations. Thus, static confidence testing will require
display augmentation, particularly for attitude control. The
points to be displayed appear to be at least a subset of nor-
mally expected dilagnostic points, and probably should include
the 16 jet driver outputs, in addition to peripheral switching
and control monitoring points.

Conversely, the dilsplays, particularly the FDAI, generally
provide sufficient information to satlsfy the confidence test
goals durling dynamlc operation. It also appears that the
FDAI will provide free fault isolation to at least the defec-
tive channel, and the function within the channel,

The tests to be performed statlically are envisioned as
conslsting of separate stimulus application to the various
signal paths with the channels disabled. The inherent
stimulus capabllity of the G&N system, the BMAG's, the rota-
tion controller, and the translation controller provide the
attitude channel stimull in various combinations. Stimulus
of the rate channel is required for full checkout. Such a
stimulus 1s not currently implemented, although partially
incorporated. Checkout of re-entry capabilities, in parti-
cular, appears to require such a stimulus.

*Operational displays - no IFTS 1s considered at this point.

~OONHDEN
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The jet select loglc presents a problem in confidence
checking in that obtalning the various combinations of trans-
lation and attltude commands to provide full checkout in all
three channels results in consliderable workload, possibly an
amount not compatible with earth érbit checkout times.
However, the basic common Portions of the attitude channels
can be checked via a limited exercise of the jet select logic.

"Static" checkout of the TVC circults is envisioned as the
introductlion of pitch and yaw error signals, and the observing of
gimbal response via the GPI.

The acceleromater and associlated electronics currently require
a stimulus for statlc checkout. Results of such a stimulus
application could be observed at the AV panel.

An additional requirement exists for a built-in "reasonableness"
check of display circults, primarily for operational purposes.
M-H 1s currently studylng buillt in self-test circultry for displays.

2.1.4.1 Conclusions

The previous discussions have identified a reasonable approach
fo confidence testing and may be summarized as follows:

l. Provide a static -earth orbit confidence checkout capability
for the entire SCS, including the following signal paths:

a. Attitude Channels

b. Rate Channels

c. BMAG Sensors

d. G&N Reference to SCS

e. Thrust Vector Control Circults
f. Accelerometer and Electronics
g. Engine Fire Circults

h. Mode and Re-entry Switching

2. After leaving earth orbit, perform attitude confidence tests
implicitly from operational maneuvers.

3. Perform confidence check of AV circults in sufficient depth
to verify primary and alternate modes prior to AV.
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4, Perform confidence check of re-entry circuits in
sufficient depth to verify primary and alternate modes

(in time to permilt repair action) priocr to re-entry.

5. Provide a capability to quickly assure that displayed
informatlon 1s reasonable,

These conclusions contain several impllcations, relative to
astronaut task load and hardware impleamentation,

l. For static checkout, channel stimulili will be required in
excess of the inherent stimulation capability. Speci-
fically, rate channel and accelerometer stimulation in
the form of D.C. torquer voltages are not currently
provided., Measurement and dlsplay of several parameters
will be required to compensate for the display insuffi-

clency (estimated 16 - 25 points). Appreciable astronaut
workload will be encountered in applying the stimuli in
the proper comblnations during a procedural routine, If
earth orblt dynamlc control capabllities become reality,
the static check capability remains desirable to permit
checkout of the system without fuel penalty.

2. Display of the Jet driver outputs (16) also appears to
. be desirable for continuous monitor to detect "failed on"
conditlons whlch mlght go otherwise undetermined at
considerable fuel penalty.

3. Display self-tests can be ilmplemented in the form of a
"push-to-test" button causing a display reactlon recog-
nizable by the astronaut as correct.

2.1.5 Dilagnostic Testing

Assuming a fallure has been detected by a static confidence
test, the loglcal diagnostic procedure appears to be an
extension of the confldence test to include the measurement
of as many parameters as necessary to provide the depth of
i1solatlon desired, without disturbing the test condition
established by the confidence test. Thus the diagnostic test
mode in this situation is static, open-loop.

If the fallure 1ls detected through operational performance,

a diagnosls might be made in a closed~loop dynamic condition.
However, actual measurements under closed~loop dynamic condi-
tions present a difficult problem in a servo system., Addi-
tionally, an "open" or "hard-over" failure will dictate
dlagnosis via static test with the channel disabled, unless
the hard-over failure 1is immediately dlagnosed. Thus, it is
concluded that the primary mode for dlagnostic testing 1is
statlc, open-loop.

~CONBibkil-e
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Such a condition implies a requirement for static channel
stimulation, and for specific test routines requiring astro-
naut time to establish the test conflguratilon.

Diagnostic testing to provide single module fault isolation
appears particularly desirable in the SCS in order to use
with advantage the total modular design., Also, the relatively
long repalr times and the large number of connectors to be
disturbed during module replacement strongly suggest such an
approach.

With thils objective, the number of test polnts required
within the system to provide single module lsolation has

been estimated at 150 as shown in Figure 7, It is noted

that such a set may vary depending upon the amount of
correlation one 1is willing to require of the astronaut,
involving both physlcal and mental activities, and the test
sequence chosen., The list of points consldered assumes that
necessary stimuli are avallable, and considers only very
limited correlation activities. Such an approach appears to
provide a reasonable distribution of points, capable of hand-
ling both predictable and multiple faillures. Test polnts for
the display and auxiliary ECA's were estimated with only very
limited information on circult operation and modularization.
However, it 1s belleved that the totals represent sufficiently
close estimates for purposesof this study. All the polnts
selected are currently avallable at the GSE connectors at the
front of the panel, ‘

The points chosen were then examined to determine the char-
acter of the measurements required to provide isolation,
assuming stimull availlable at least at the extreme input
ranges, The results are shown in Figure 8, The compilation
indicates that a major portion of the slignals to be examlned
fall within easily attainable AC (400 cps) and DC amplitude
measurements, The notable feature of such signals ls the
probable variation in level at single points, as the stimull
are varied over representative ranges, The few frequency or
pulse measurements involved appear to be amenable to signal
conditioning into easlly measurable DC levels. Of the 150
points, only a small number (less than 10) are likely to be
examined to l1solate a single fallure,

2.1.5,1 Concluslons

Diagnostic testing of the SCS 1s reasonably sulted to single
module fault isolatlion, particularly within the ECAt's. Fur-
ther, maintenance times coupled with potential introduction

of faults through substitution of modules, Jjustify an attempt

CONEDENT
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at single module 1solation, Test procedures will likely
consgist of establishment of static outputs through open-loop
stimulation of the varlous channels, Such stimulation should
consist, as a minimum, of a capabllity to apply representative
torquer signals to each of the sensor elements. In partlcular,
such a capabllity does not currently exist for rate gyros,
accelerometer, and attitude gyros in the back~up rate con-
figuratlon., ©For fault detection, the application of static
stimull in the required combinatlons, will necessarily involve
astronaut manipulations of several controls, and may involve
additional workload on the G&N system. Although a positive
requirement has not been established, due to uncertainty of
workloads and equlpment design, a source of preclsion AC and
DC stimuli at low levels is a reasonable requlrement, Glven
methods for fool-proof insertion, such stimuli, used 1in 1lieu
of inherent stimuli and self-test torquer voltages, could at
least appreclably improve the confidence and dlagnostic test
capability from the standpoint of workload, efficiency, and
versatility.

The range of measurements to be made 1s generally amenable

to direct measurement in most cases, and to simple signal
conditloning for the few not easily measurable, The distin-
guishing feature of the measurement requirement is that the
dynamic nature of the system while "flying" makes measurements
difficult, generating a probable test requirement for inserting
stimull at varylng levels wlth the system 1n the statlic con-
dition, while observing similarly varying outputs at single
test polnts, Such a condition implies that the measurement
instrument provided must be capable of selectively observing
varying levels, The procedural routines required to establish
the statlc test conditions will involve sufflicient manual
operatlons to negate any significant test time decreases
realized by "automation'.
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2.2 Electrical Power System

Other sections descrlbe systems which are primarily electronic
in nature. In order to broaden the base of our study, we have
also examined the test and maintenance aspects of the propul-
sion and electrlic power systems. To lllustrate, let us
examine the power system in detail (Figure 9).

Three fuel cells generate the power used during the mission
until service module separation. Normal missions involve the
cells operating continuously with the load dlstributed across
all three, Two radiators supply the necessary cooling.
Hydrogen and oxygen supplles are contained in redundant
tankage and connected through parallel and series redundant
valves and plumbing to permit individual shutdown of each of
the cells, Each cell can supply all essentlal power loads
during the mission with the ald of the re-entry batteriles

for temporary overloads,

The generated power 1s supplled to redundant busses for dis-
tribution (Figure 10). Circult breakers are supplled to
i8olate any fuel cell or load from each of these busses. Care
is taken to assure continuous power to all essentlial loads

in the event of the loss of either buss. In addition, non-
essentlal loads are collected on a separate buss for easy
isolation in the event of a power emergency.

A static inverter is used to convert the DC to 400 cycle three
phase power, Each of the three inverters can supply all AC
loads., One 1is used untll 1t falls at which time, 1t 1s switched
out of the system and the second unit is connected and used,

In other words there are two bullt-in spares. The output of

the inverter 1is applied through relay contacts to redundant
busses and the distribution i1s similar to the DC busses,.

Redundant batterles are supplied for re-entry power and a
third battery 1s planned for use after landing. The re-entry
batteries serve as a back-up to the post landing battery.
Battery chargers are provided to assure full charge at the
time of service module separation.

Now consider the power system from a testing aspect. In order
to establish whether the power system could perform full load
and emergency power functions, the contlnuous load can be
swltched from one source of power to another. As an example,
a good test would be to apply the load to one fuel cell

and monltor the output water flow and generated power, A
similar test can be applied to the batteries and the charge
rate can also be monitored. The planned command module con-
trols and displays would provide this capability. Similarly,
the inverter input and output can be monlitored, Checks of
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the supplies of expendables, temperatures in the various units,
and input pressures will supply information with respect to
future performance capabilites and hazard conditlons. Again,
the planned controls and dlsplays supply this capability.
Because of the extensive redundancy and the manual controls
supplied to switch units in and out, fault isolation can be
accomplished most of the time with no other facilitles. Where
this 1s not adequate, a multimeter and probing will be required.
Therefore, the controls and displays supply full fault isolation
requirements for this system with the exceptlon of the multi-

meter.

A test not included currently and strongly recommended is the
measurement of radio frequency noise in the 1lOkc to 1 mega-
cycle region. Studies sponsored by Aeronautic Systems Divi-
sion, Air Force Systems Command, show that the measurement of
RF nolse amplitude and frequency content will often identify
malfunctions in electronic and electrical equipment before
they are indicated by any degradation in performance. The
equipment needed for this test is a tunable fllter used to
feed a crystal-video recelver and an output meter. A fallout
of this measurement is that this test will permit "fault
prediction" for all of the electronic and electrical equipment
as well as the power system. Since the nolse 1s measured on
the power lines, the source of noise can be isolated by selec-
tively switching loads from one power distribution source to
another.

Now consider whether maintenance 1s practical in the

power system. The fuel cells, expendables, and radiators

are mounted in the service module where access 1s restricted.
However, the busses are behind the circuilt breaker panels and
these panels are hinged for easy access. The 1lnverters and
batteries are located below the command module floor where
they can be made accessible. The busses and lnverters are
therefore likely candidates for maintenance.

Because of the heavy gauge wire that must be used in power
distribution, repair actions on these items such as adding
insulation where a breakdown has cccurred or making a connection
where a break has occurréd do not require dellcate or precision
-wark and therefore are considered practical operations.

The present inverters welgh 36 pounds each and are not
modularized. Three inverters account for 108 pounds. Each
of these inverters could be packaged in four modules; one
module containing the power handling portion for each phase
(three modules being identical) and the fourth module con-
taining the modulating oscillator, amplifiers, and feedback
circuits. Two bulilt-in inverters and two spare modules (one
of each type), if module replacement were employed, woul
provide higher mission success probability than currently
obtainable with the three inverters. Moreover, this module

CONBEh
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replacement approach requires approximately 15 pounds less
welght. Further gains in mission success probability could
be obtained by permitting component replacement of the power
transistors (within each phase power module) since they are
the most probable source of fallure and are physically large
by comparison with normal transistors.

Summarz

The planned controls and displays wlll provide extensive
testing capability.

Conductive RF noise measurement should be studied for use
in augmenting presently planned measurements.

The inverter case that thas been cited shows that in heavy
systems where extensilive redundancy 1s used and repair is
feasible, less redundancy and sparing could provide higher
mission success probability for less weight. _

The power system shows maintenance opportunities exist where
none are planned. Similarly, there are many other systems
where no maintenance is8 planned, and it 1s recommended that
these also be examined for maintenance opportunities.

2.3 Communications and Data Subsystem

2.3.1 System Description

The communications and data (C&D) subsystem provides the realization
of the Apollo functional requirements for voice, telemetry,
tracking, ranging, recovery information, and data recording with
playback. The equipments divide fairly naturally into near-

earth and deep-space equipments, although certain equipments

are common to both and hence are switched to the appropriate

mode of operation at any given time. Figures 12 and 13, attached,
illustrate the two systems as they are currently concelved.

Characteristic of the near-earth equipment is the fact that
individual transmission facilities are provided for each
service required; that is, voice service is provided over

one particular transmitter and recelver combination, tele-
metry over another, and tracking over another. All have thelr
own modulation techniques and frequency ranges. In contrast
the deep-space equipment 1is characterized by the fact that
all the aforementioned services are provided through a single
transmitter and receiver combination, using either phase or
frequency modulation on an S-band carrier frequency. The
equipment common to both near-earth and deep-space phases 1is
input equipment and includes the audio center, the PCM tele-
metry with its associated signal conditioning, and the data

storage recorder.
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At the present time several equipments which belong to the
total communications and data subsystem are in an undefined
state, either because of recent changes in concept or because
certain necessary interfaces are not established. Thus, for
the present, the equipments listed in Figure 14, attached,
will not be considered as parts of the C&D subsystem although,
in fact, they are.

Certain physical characteristics of the equipments that are
under consideration are listed in Figure 15, attached. It

is very likely that with the addition of the aforementioned
undefined equipment the total weight of the system will increase
to approximately 300 pounds and the total number of modules to
approximately 130. The total number of module types listed is
misleading because of the type of duplication possible. For
example, in the signal conditioners there are 22 fixed dc
amplifier modules, identical in general design but differing

in gain. For this reason, one cannot conclude that the sparing
problem is helped any by this type of module similarity. In
effect, there are 22 different signal conditioners from the
viewpoint of sparing, although inherently the module types are
alike. Several other similar situations prevail, but are of lesser
concern because fewer modules are involved. Another point to
note on the listing of physical characteristics is that assigned
equipment reliabilities are, roughly speaking, an order of
magnitude beyond the current predicted reliabilities of the
equipments. It i1s obvious that assigned reliabilities will

be met only by the provision of a maintenance capability in

the equipments as currently designed.

A sketch of the equipment placement is shown in Figure 16,
attached. The view is what one would see looking toward

the right leg and foot while reclining in the right-hand side
astronaut couch. To a degree the equipment bay is built in
the fashion of a chest of drawers, although the drawers in
this case are bolted in. The equipment packages (drawers)

are frames with modules mounted intimately together and held
fast with thru-bolts. The average time to replace a module

-- i.e., remove drawer, remove module, replace module, replace
drawer -- is estimated at about 40 minutes for a weightless,
shirtsleeve environment. The S-band transponder is the only
plece of equipment which is physically redundant, and because
it is, the time required to replace this unit is somewhat reduced.
Alternate modes which exist for the equipments under consider-
ation are listed in Figure 17, attached.
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2.3.2 System Testing

2.3.2.1 Confidence Testing

Confidence testing is the result of the necessity to make
equipment-dependent operational decisions. Figure 18, attached,
shows an estimate of when during the nominal mission profile
particular equipments would be checked out. In essence this
chart says what one might intuitively. feel -- that during and
before deep-~space operations the deep-space equipment should

be checked, and that during and before near-earth operations,
the near-earth equipment should be checked. It is assumed

that confidence tests will be performed sufficiently in advance
of the time when equipment becomes operational to allow time
for maintenance or initiation of an alternate mode.

In the C&D subsystem there are four classes of equipments which
must be checked: transmitters, receivers, signal processors
(i.e., filters, amplifiers, etc.), and time-dependent common
equipment (PCM). Figure 19, attached, lists two estimates of
confidence information requirements for these four classes of
equipments. The first column lists the information considered
sufficient for confidence purposes. The second column lists
the information considered both necessary and practical to
provide.

Confidence tests will be tests which measure, perhaps grossly,
the overall performance of a functional unit (i.e., a group
of equipments such as the HF equipments, the VHF-AM equipments,
etc.). As an example, a confidence test of the VHF-AM voice
equipments could consist of asking a question of the ground
personnel and receiving a recognizable reply. This simple
test would verify, at least grossly, the integrity of the
VHF-AM equipments, including transmitter, receiver, filters,
audio amplifier, microphone, switches, antenna, and wiring.

In fact, the information required by column two of Figure 19
will have been brought forth, if the test gives a positive
result. It should also be observed that, in thils example,

use is made of "free'"* information available from the ground,
in accordance with a previously established principle.

2.3.2.2 Diagnostic Testing

A malfunction in any equipment will be detected whenever
operabllity 1is lost, or a confidence check fails, or whenever
the ground determines that trouble exists and informs the
spacecraft. The purpose of diagnostic testing is to locate
the source of a malfunction to some predetermined degree of
isolation. Since the C&D equipments are using modular
construction, a module is the selected design level of main-
tainability. Therefore, it is the goal of diagnostic testing
to localize a malfunction to a particular module. In most
cases this goal is achieved. In a few specilal cases single
module isolation is not a Jjudicious pursuit.

*Free - not requiring spacecraft display.
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Malfunction localization through diagnostic testing requires
that predetermined operational procedures be followed whenever
a malfunctlon occurs. These procedures will specify how test
conditions are to be established, what information is derived
from tests, and how the total amount of information available
is to be correlated for diagnostic purposes. This set of
procedures might take the form of an illustrated trouble-
shooting booklet.

Diagnostic testing in modular communications equipment usually
resolves into: 1) establishing test conditions (i.e., putting
all switches in correct positions, etc.), 2) checking power
supply voltages, and 3) making signal-flow tests. The number
of tests made depends strongly on the number of functions
performed by the equipment. Thus single-function modules may
undergo no more than one or two tests, whereas multi-function
modules may require several tests to verify availability of
all functions.

In selecting dlagnostic test points, a trade-off immediately
arises between the number of test points and the amount of
information correlation necessary. A large number of test
points permits diagnosis with 1little information correlation.
Similarly, diagnosis with a small number of test points
requires considerable information correlation. A matter of
Judgment is involved and the judgment used in this report has
been that enough test points should be provided so that only
a limited amount of correlation 1is necessary --= an amount
readily expected of anyone knowing only the rudimentary
principles of communications equipment.

Establishing test conditions for diagnostic purposes may
involve the introduction of externally provided stimull. For
example, a test of a voice transmitter would probably require
that an audio modulating signal be externally introduced into
the transmitter's modulator. Similarly, to test a voice
receiver, i1t would probably be necessary to externally intro-
duce into the receiver an audio-modulated carrier signal.
Stimuli considered desirable but not currently available for
C&D equipment testing are modulated carriers for the HF,
VHF-AM, and S-band receilvers. The S-band carrier would be
used for checkout in earth orbit. The HF and VHF-AM carriers
would be used for checkout prior to re-entry. While it 1s
not anticipated that these stimuli would be required at other
times, having a positive test capabllity independent of
ground-supplied signals still appears desirable.

2.3.2.3 Testing of PCM Equipment

Figure 20, attached, shows a very simplified block diagram

of the PCM data encoding system which produces the modulating
signal for the telemetry transmitter, in addition to timing
signals used for other purposes. One .notes immediately that

the programmer interacts with all of the other functional blocks.
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To test this PCM system for confidence purposes, it is necessary
to test the performance of each of the data channels, both
analog and digital. This meane introducing known inputs on

the channels and observing the NRZ-PCM digital output. From

the viewpoint of one making an external test, rapid switching
and fixed display of the coded output is required.

If a given channel or group of channelg fails a confldence
test, dlagnostic tests are required to locate the source of
the malfunction. Diagnostic testing implies checking the
performance of each of the blocks shown. This must be done
by verifying that the programmer issues, at the correct time,
the correct instructions and that the functions of the various
blocks which occur in response to the instructlons are indeed
correct,

The problem of instrumenting such tests with external test
gear are formidable. This is principally because of the
time-dependence of the measurements, and because very rapid
switching must be verified. One does not diagnose faults in
such a system with a simple voltmeter or comparator. Rather,
logic and switching and a certain amount of programming are
necessary. In short, to test this kind of circultry requires
kindred circuits. It has been judged that the presently
proposed self-test circuitry for this equipment is the logical
means for implementing both confildence and diagnostic tests,
provided the present modular construction concept is adhered to.

Associated with the PCM equipment are the signal conditioners
for the analog input signals which require them. This group
of about 125 separate signal conditioners plus power supplies
(mounted in 44 modules) represents a difficult checkout pro-
blem because valid testing of a single signal conditioner
requires that both the input and output be measured and that
the two measurements be correlated., Thus over 250 measure-
ments plus calibrated stimuli are required to check out the
signal conditioners alone. In this case it is judged that
single module isolation is not a prudent objective to pursue.
If the ground notes that particular telemetry channels are
malfunctioning, trouble shooting is probably best left to the
ground which can inform the spacecraft if particular channels
should be repatched, deleted, etc. It is inherent in this
concept that critical telemetry signals may be telemetered
over more than a single channel,

2.3.3 Conclusion

There are two classes of tests offered to any proposed test
equipment by the C&D subsystem: 1) those tests requiring

a complex instrumentation tallored specifically to individual
circuit designs, and 2) those tests which require only simple
time-~independent ac or dc voltage measurements.,
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The first group of tests are those associated with the PCM
equipment in particular, and digital data handling equipment
in general, Thus the data storage recorder tests would have
been included in this group but because there axist no in-
flight maintenance requirements for this equipment, its
testing has been dismissed. The difficulty in testing the
PCM equipment has already been pointed out and i1t is judged
that, as long as modular design is adhered to, the best
solution to testing thilis equipment is to have built-in
self-test circuitry as opposed to having an external testing
capability.

The second group of tests referred to are the voltage measure-
ments one would encounter in checking out transmitting and
recelving equipments. In this context it has been assumed
that rf test voltages are signal conditioned to dec. There

are two reasons for this: 1) the number of rf measurements is
small, and 2) it is desirable not to measure rf voltages with
a central test system. Thus, the voltages to be tested can
be measured by a general purpose voltmeter and/or comparators.
Since there are no stringent requirements for specification-
tight accuracy, measurement instrumentation would not be
difficult from this viewpoint.

Figure 21, attached, gives a list of test points which, under
non-failure assumptions on the switches, wiring, and passive
equipment, would be sufficient with few exceptions for confid-
ence and diagnostic tests to the modular level, However, a
reasonable amount of information correlation and subsystem
knowledge would be required to augment these test points.
Another slightly more generous list of test points is shown
in Figure 22, attached, which requires only simple correlation
of information for confidence and diagnostic purposes. In
many cases, an audio indication heard from a headset is a
valid test which can do away with test points. The total
number of test points is not great. This is due chiefly to
the fact that the C&D modules are large.

There exist at least two possible sources of perturbation

for the conclusions presented: 1) the undefined equipment
mentioned in the system descritpion, and 2) the so-called
unified frequency approach to the Apollo communications
requirements.* Neither of these sources of possible per-
turbation would be expected to significantly alter the number
or type of test points to be served from the C&D subsystem.

*Thls approach would make the Apollo spacecraft near-earth
and deep-space equipments virtually identical. The greatest
changes would occur in the ground facilities.
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2.4 The Guidance and Navigatlon System

The major parts of the G&N system are shown in Figure 23.

The scanning telescope (SCT) has a wide fleld of view for

use by the astronaut in star findlng and in short range
tracking, It 1s a single line of sight instrument having

two degrees of freedom with respect to the spacecraft. The
sextant (SXT) is a precision, high-magnification, narrow-
field navigation instrument having two lines-of-sight. During
navigation measurements, the scanning telescope (SCT) is used
to search for and ldentify the star and to bring the star into
the center of the fileld of view. The sextant (SXT) with 1its
high magnificatlon, but narrow field of view, is then used

to make the actual measurement, The IMU is the primary
inertial sensing device. It 1s a three gimbal system. Three
accelerometers are mounted on the innermost glmbal which 1s
held nonrotating with respect to lnertial space by the action
of error signals from three gyroscopes. The signals from the
accelerometers measure the vehicle acceleration in lnertial
coordlinates, and the three gimbal-angles correspond to the
attitude of the spacecraft relative to the inertial coor-
dinates. For initlal alignment, the stabllized-member gyros
can be torqued from the computer to precess the stable member,

The coupling and display units (CDU) are used to communicate
angular information between the IMU, the computer, and the
astronaut, as well as to generate the attitude error signal
for the SCS system.

The Apollo guldance computer (AGC) 1s the central processor
of the guldance and navigatlion system.

The display and control system (D & C) 1s the interface
between the astronaut and the guildance and navigation
sgstem. The D & C contains the computer keyboard and
display, the controls necessary for operation 0of the SCT
and SXT, and the contrdbls necessary for alignment of the

IMU. The eightball (FDAI) 1s an important display for
monitoring the G&N performance, but thls 1lnstrument 1s
considered part of the SCS system.

The power servo assembly (PSA) contains the power supplies
for the IMU and Optics, as well as all the servo systems
that are used in conjunction with the IMU and Optics., The
PSA equipment consists of three functlional parts: 1) the
power supplies and servos that are used to control the
temperature of the IMU, 2) the power supplies and servos
that are used for IMU operation, and 3) the power supplies
and servos that are used for optics operation,
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There is one more important part of the G & N system
that 1g not shown in Figure 23, This is the map and
film viewer. This viewer 1is provided in the G & N
system to store maps of the stars, moon, and earth,
but by the addition of more film, can be used to store
detailed astronaut instructlons, clrcult diagrams, and
other detailed written material.

Virtually all of the G & N equipment is located in the
area called the lower equipment bay (Figure 2U4).
During stress periods when the astronauts are in their
couches, the G & N equipment is inaccessible. The
feet of the middle astronaut are positioned just below
the eyepieces of the telescope and sextant, To gain
access to the G & N equipment, the middle couch 1s re-
moved, folded up, and stored under the pilot's couch
on the left, A part of the display and control equip-
ment 1s duplicated on the main panel display over the
pillot position., This display consists of keyboard and
computer display plus some warning lights that indicate
gross malfunctioning of the G & N system.

The major physical characteristics of the G & N system
are shown in figure 25, The characteristics are
wdilght, power, MIBF, duty cycle, whéther: brrnot

the subsystems are repalrable and, if so, the number
of working modules in the subsystem. The data for the
welght, power, and duty cycle was obtained from the

15 May 1963 weight and balance report issued by
MIT/IL. The MIBF figures are estimated reliability
which came from an MIT/IL report R395, issued in
February 1963.

The total weight of the G & N system is 475 1bs. This
figure includes a weight allocation of 53 1bs for spare
modules. The spares welght considers 37 1bs., of spares
for the AGC, 9 lbs, of spares for the PSA equipment,
one spare CDU (3.5 1bs.), plus a tray (4 1bs.) for
housing some of the AGC spares. This spares tray only
holds 11 1bs. of spares so the additional mountings,

as well as additional cabin space will be needed to
hold the rest of the spare modules.

No power consumption 1s shown for the PSA equipment.
The power supplies and servos certainly consume power
but as mentioned earlier, part of the PSA i1s used in
conjunction with the IMU and part with the Optiecs. The
power consumed with these parts is indicated under IMU
and Optics respectively.
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ele indicated for the IMU is valid only
onal parts of the IMU. The temperature
for the IMU 1s, and must be, operated

M o~
The 15% duty ¢

cy
for the operatil
control system
continuously.

The duty cycle indicated for the AGC 1s a stab at a
moving target. The 33% figure comes from the weilght
and balance report. Other MIT reports indicate a duty
cycle ranging from 10% to 100%. The trade-offs in this
area are not only the desire to conserve electrical
energy by leaving the computer off when there is no work
to be done, but also to increase the AGC reliability
by leaving it off, The reliability argument 1is that
there are fewer fallures wlth power-off than with
power-on, and provided that the turn-on, turn-off
stresses are not severe in themselves.

There 1s virtually no data on the ratio of failures in
power-off to faillures in power-on, and the fudge-factor
to be used in reliability estaimates is a matter of con-
siderable speculation, Thils area is further confused
by the fact that the AGC is never completely off. The
AGC contains the master clock for the entire CM and
this clock cannot be turned off. "Off", for the AGC,
means that for 990 ms out of every second the entlre
computer 1s truly off except for the oscillator and

the frequency dividers hanging on the oscillator.
However, for 10 ms out of every second the computer

1s turned on and during this 10 ms all circults are
functioning, and functioning at full speed.

Within the G & N system, the only parts that are

being constructed 1in replaceable modules are the PSA
and AGC, The IMU and Optics are not repairable in
flight, The navigation base 1s merely a structural
member for rigid mounting of the IMU and Optilcs. While
1t may be possible in principle to consider an astronaut
repairing a broken wire, in practice, the problems are
formidable., The problems are accessibility, soldering
in a vacuum, or pure oxygen, as well as the problem

of ldentifying and finding the broken wire in the

first place. Wiring is not considered repairable.

The main part of the DISPLAY 1s completely duplicated,
There 1s a computer keyboard and dlsplay on the main
display panel as well~as in the lower bay. In addition,
some of the self-checking features that are built into
the G & N system cause duplicate alarm lights to go on
in both the main display panel and the lower bay.
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The main reason for the duplication of the display
equipment 1s functional., During the periods that the
astronauts must be in the couches, the lower equip-
ment bay 1s 1lnaccessible, and the second display 1is
considered necessary., Whatever the original reasons
were, thils 1s redundant equipment design, Given that
one of the displays fail, the astronaut should be able
to make do with the remaining display.

The PSA, the AGC, and the CDU's are constructed in
replaceable modules, and in the current reliability .
estimates, sparing and in-flight maintenance are being
heavily relied upon to achieve the reliability goals
that have been get for these parts of the G & N system,

The next two sectlons consider the problems of faiuit
detection (confidence tests) and fault isolation
(diagnostic tests) in the PSA and AGC respectively.

First, some comments are necessary about confidence
testlng of the complete @ & N system. Suppose that a
number of sextant sightings are made and the AGC calcu-
lates, as a result of these sightings, that a mid-course
correction should be made in say 1/2 hour at a specified
attitude and for a specified duration. Assume further
that durlng these sightings all equipment functioned
correctly -- as far as the astronaut can tell. The
astronaut may apply certain weak reasonableness checks
on the AV calculation, but for all practical purposes,
there 18 no on-board eapability for verifying that this
AV 1s dcorrect". The capability does exist on the
ground at IMCC and it 1s presumed that all mid-course
calculations are verified with the ground before any
englines are fired The ground, in fact, may be capable
of performing "better" AV calculations than is possible
on board the spacecraft during some phases of the
mission. The polnt to be establighed here is that the
maln confidence test for the performance of the complete
G & N system 1s on the ground, and not on the spacecraft.

2.4.1 Power Servo Assembly

The PSA equipment can logically be broken down into three
fiifferent parts. They are:

a., IMU Temperature Control

b. IMU Servos

G.. Optics Servos

Separate power supplies are used for these different
parts of the PSA so that the IMU servos and/or the optics
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may be turned off when'they are not needed, The
temperature control for the IMU is never turned off,

There are nine servo loops used in conJunction with
the IMU (figure 26). Three for the accelerometers,
three for the gyros and three for the gimbal angle
measurement, The modes farthese servo loops must be
controlled te permit the coarse and fine alignment of
the IMU as Wellfas the operational use of the IMU
during thrusggﬁgriods.

S 2

The greatest ¥ersatillity 1n the mode-switching exists
in the glmbaXzAngle measurement loops, A dominant

part of the & e measurement loop is the CDU, There
are three CBQ)s used in conjunction with the IMU, one

for each -iﬂ(two more CDU's are used with the optics).

The mailn eleﬂént of the CDU is a shaft (actually shafts
with gearing). The current position of the shaft

is displayed for the astronaut on a dial and changes
in the shaft position are detected and sent to the

AGC computer, The position of the shaft may be
controlled mechanically by the astronaut by means of

a knurled wheel on the shaft, or electrically by means
of a switch, amplifier, and servo motor on the shaft,
The computer may alsoc control the CDU shaft position
by means of a digital-to-analog converter and the same
amplifier and servo,

Two resolvers on the CDU shaft compare the CDU position
with the angular posgsition of corresponding gimbal angle.
A third resolver 1s needed in each CDU to initially
"zero" the CDU position, The comparison of the resolvers
results in an error signal. The use of the error signal
depends upon the mode of the IMU,

During coarse alignment, the error signal is sent to the
gimbal servo amplifier and in this manner the position of
the IMU 1is forced to follow the position of the CDU,

During fine alignment the error signal 1s sent to the
amplifier and serve motor that controls the CDU shaft
position, and hence the CDU 1is forced to track the IMU
position,

During propulsion periods, the IMU measures the current
attitude of the vehicle in lnertial space, the CDU is

set by the AGC computer to the attitude that the vehicle
should have, and the error signal 1s sent to the SCS system
for correction.
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This is an appreciable number of modes, and there are only three
mecdules in each angle servo-loop plus the CDU and the IMU. All
of these modes are normally used by the astronaut during the
alignment of the IMU. If a hard failure has occurred since the
last time the IMU has been used, the astronaut can first detect
the fallure by the absence of the normal response, and second,
isolate the failure fairly well merely by noting the angle that

1s experiencing the diffliculty and the step in the alignment proe .

cedure in which the trouble is first found.

To provide further assistance in fault 1solatlion, 1t is desirable
to provide a capabillity for measuring some of the signals flowing
between modules. By means of 39 measurement. points of this type
in the PSA equlpment, the fault may be isolated to within three
modules.

Fault detection and isolatlion in the optics portion of the PSA
can be performed in an analogous manner. The accelerometer loops
pose different problems. There 1s only one mode in the accel-
erometer loops. By monitoring the outputs of the PIP's excessive
precession may be detected and alarms given. This alarm will
detect one class of failure but it is of no use if the amplifier
Just ahead of the monlitoring polnt goes dead. This second class
of fallure can be detected during propulsion phases by reason-
ableness checks on the velocity vector. During non-propulsion
periods, normal astronaut movement plus an ldiosyncrasy of the
accelerometer loop should cause the least significant bit in

the veloclty vector to vary. Absence of this variation is an
indlcation of malfunction.

There are power supplles in the PSA equipment, and a failure in
a power supply can result in confusing performance of the IMU
and/or Optics. It is assumed that the first task that is per-
formed in any fault 1lsolatlion procedure 1s to check the power
supplies. Fourteen additional measurement points are needed
for this purpose.

At this point, some of the assumptions that are implicit in the
above discusslon should be noted. They are:

a. Only hard fallures are considered.

b. The astronaut is permitted to manlipulate the modes at will
to detect and to isolate the fault. Specifically, he is
permitted to destroy the current alignment of the IMU.

¢. The astronaut has the time to do this manipulation.

GONDEN
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By consldering.only hard fallures, the much more difficult
problems assoclated with gradual degradation in performance

are ignored. In particular, there 1s very limited (i1f any)
on-board facilllitles for detecting when the drift of the IMU
becomes "excessive". In addition, the fault isolation procedure
briefly described above 1is of no use if the hunting in a

servo loop gradually becomes excesslve, or 1f a servo loop
breaks into violent oscillation.

During the earth parking orbilt, it is highly desirable not

to destroy the alignment of the IMU. There may be a problem
in performing a confidence test on the PSA and IMU during
earth orblt because of this constralnt. In particular, the
inner gimbal of the IMU is to be aligned normal to the orbital
plane to achleve greatest accuracy. If this allgnment is very
close, then one glinbal angle and one gyro may not be exercised
sufficiently while in the parking orbit to verify that they
are capable of functioning.

During the propulsion peridds, the astronaut does not have
any time for fault isolation. The only item of interest 1is
quick fault detection. Some fall-gsafe features are built

into the G&N system by continuously monltoring the nulls on
the accelerometer, the gyro, and attitude servo loops, If

the error voltages appearing on these nulls become excessive
for an appreciable perlod to time, then a fallure light is

put on., If one of the accelerometer loops fails, the velocity
integration within the computer is also terminated, If the
gyro or attitude loops fall, the G&N system disconnects ihself
from the SCS system, .

In symmary, the various modes provided within the PSA equipment
for normal operation also provides good confldence tests on

the PSA performance, A fallure may be quickly 1solated to

a particular servo~loop by the displays. By providing the
capabllity for measuring some of the signals between modules

in ‘each servo-loop, the fault may be 1solated to within three
modules., Thirty-nlne measurement polnts are needed for this
purpose plus 14 additional measurement points for checking

the PSA power supplles,

There may be some problems in performing a confidence test
in earth parking orbit without destroylng the alignment.
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2.4.2 Apollo Guidance Computer (AGC)

The Apollo Guldance Computer is a stored program, general-
purpose computer, There are a number of small, general~-purpose,
sclentific computers on the commercial market that are similar
to it in capability. The unique feature of AGC is that 1t 1is
being designed to satisfy the severe welght, volume, and power
constraints of Apollo, and the input/output abilities of AGC
are tallored to the needs of the CM, The main computation
features of AGC are summarlzed in Filgures 27 and 28, A very
readable, but yet detalled, description of the logical per-
formance of AGC may be found in MIT/IL report R393.

There are four major causes of errors made by digital computers.
They are: .

1. Loglcal and Clerlical Program Errors
2. Operator Mistakes

3. Transient Fallures

4, Hard Fallures

2.4.2,1 Program Errors

For Apollo, programming errors are not to be tolerated,

Prior to lift-off extenslive simulation and program checking
will be performed to ldentify and remove all programming mis-
takes, Some mistakes may sneak by, but the number 1s to be
minimized by all available means.

2,4,2.2 Operator Errors

The astronaut has the abllity to enter data Into the computer,
and errors in the entry of this data and/or incorrect data

wlll cause mistakes. Astrpnaut training plus the interlock
scheme proposed for keyboard entry should minimize the
possibility of operator error.

2,4,2,3 Transient Failures

Transients are here defined to be the occasional dropping of
a bit or the creation of a bit, By definition the malfunction
cannot be repeated, or cannot be repeated easily.

The importance of transient fallures is dependent upon the

consequences of a single fallure, and the number of translent
fallures that might be expected.
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The consequences of a single fallure depend entirely upon
which bit was destroyed and when. If the blt was the least
significant bit of a number, the ervor may be of no conse-
quence, If 1t was the most significant blt, reasonableness
checks might pick it up., The most disastrous consequences of
a transient may occur if the error 1s made in the program,

or in data that 1ls treated as part of the program. In the AGC,
1t 1s possible that a single transient may result in the
destruction of the entire contents of the temporary memory.
This 1s a possibllity. The probability 1ls Iimpossible to
estimate,

It 1s extremely hard to detect when a transient fallure
occurs, and hence also difficult to get any estimatecpf the
number of transients that occur, Some data on transients has

been gathered in the SAGE system., The SAGE computer facility -

conslsts of two computers each solving the same problem and
each checking the detailed performance of the other., If a
mlismatch occurs, the computer traps, the error 1s logged, and
another attempt 1s then made to execute the instruction
correctly, The data from SAGE indicates that transients are
a factor of from 5 to 10 more frequent than hard failures.
This data is not necessarIly applicable to AGC, but it is the
best data on transilents, known to the author,

Detection of the occurence of transient failures is usually
difficult, but more signiflicantly detectlon is useless in

AGC unless automatic means for correction are also avallable.
The parity detection circult in AGC can detect some translent
failures, but even 1f the detectlon 1ls made, the only satis-
factory procedure 1s to correct the parity bit, light the alarm
light, and then proceed as 1f no error had even been detected,
It 1s not possible in the AGC to attempt a second execution

of the same instruction to try to get better results. The
computer can be deslgned to stop upon detection of a single
parity failure, but this is equlvalent to stating that the
consequences of a single fallure are worse than the consequences
of no computations at all. In a guldance computer, thils is
definitely not correct. :

In short, transient fallures are a risk inherent in the
design of the AGC. The magnitude of the risk 1s hard to
assess.
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2.4,2.4 Hard Fallures

Hard fallures, in contrast to transients, are relatively
easy to detect. The AGC computer 1s being designed
with limited self-checking abllitles (figure 29%. The
most useful are parity on the memory, a test program,
and input/output echo checks. :

A continuous stream of parity fallures Indicates that
the computer memories, or the clrcultry immediately
adjacent to the memory is malfunctioning. Parity
provides good fault detection on the computer memory,
but 1t provides 11ttle Tault isolation., Given a hard
parity failure, the suspect areas are the memory cores
Elh,modules), the memory dirivers and sense amplifiers
about 4 of 5 modules), and the memory buffer register,
bus, parity register, and parity check circuit (about
18 to 20 modules).

A test program l1ls a program speclflically designed to
exerclse all the capabilitiles of the computer. If thils
program runs successfully, or merely runs at all, then
there can be high confidence that no fallures exist.

A malfunction will cause the test program to stop,

or to produce meaningless results. The test program

1s useful for detecting malfunctions but 1s little or
no value in performing fault isolation.

Echo checking 1s the abillty to connect computer output
to the computer input, and the functioning of the input/
output sections of the computer connections must be
physically rearranged before echo checks may be made,
and hence echo checks are of 1little value in fault
detection. The ability to perform fault isolation

in the input/output portions of the computer, 1is

limlted only by The Ingenulty of the programmer and

by the length of the test program that 1s tolerated.

There are other self-checking \features in the AGCH
computer. "Inactivity" and "scaler fail" monitor

the basic oscilllator and the long frequency divide® that
hangs on the oscillgtor. TCA trap and RUPTLOCK will
detect gross malfunctions of the computer. The power
supplies are monitored,

THE PRESENT COMPUTER SELF-CHECKING FEATURES ARE OF NO
VALUE IN DOING FAULT ISOLATION IN THE "CORE" OF THE
COMPUTER., THE "OORE" CONTAINS ABOUT 90% OF THE IOGIC
CIRCUITS AND 75% OF THE WEIGHT OF THE COMPUTER,

~CONRBENH—
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Four approaches to the maintenance problem of the computer are
being examined. One approach is to add a maintenance console
to the AGC so that the astronaut may force the computer to
execute primitive actilons and then observe the results. Some
weight must be added to the AGC for the console, but this
approach also requires the astronaut to be a highly skilled
maintenance man and that he can concentrate upon the task of
fixing the computer for a fairly sustained period of time
(1/2 hour to 2 hours). Even with the console and extensive
training, the ability to perform fault isolation to 3 of 4
modules 1s uncertain.

The second approach is to ignore the fault isolation problem
and fo examine cut-and-try replacement of all the modules that
might be faulty. This approach is excessively time consuming
(1/2 hour to 5 hours) and has other serious drawbacks. One
difficulty is that massive replacement of modules 1s going to
exercise the connectors in the AGC, and connectors are not as
reliable as would be desired. If, in the course of replacement,
a connector contact is damaged, the maintenance action induces
a second trouble in the computer. With two troubles in the
computer, the astronauts' chances of clearing these troubles
by cut-and-try techniques are nil.

The third solution 1s to again ignore the fault isolation
problem and to examine cut-and-try replacement of complete
drawers., The entire AGC is contained in three drawers, and
the repair time should be short (about 15 to 30 minutes)
provided that the middle couch 1s stored away and the
astronaut has access to the lower equipment bay. There is
some chance of inducing additional troubles in the drawer
connectors, but compared to the second approach, the risk is
much smaller and is considered acceptable. When complete
drawers are spared, there is a benefit that spares are
carried for the module connectors and for the drawer wiring.
The penalty of this approach is weight. Virtually a second
computer is being carried on a spare. The only parts omitted
are the back-panel wiring. Weight-wise, sparing on a per-
drawer basis 1s equivalent to redundancy without the benefits
of redundancy. There is no protection against transient
failures nor against a failure during a critical time (major
propulsion periods and reentry).

The fourth approach 1s to design a redundant computer for use
as AGC. A dual computer system will provide fault detection
(transients as well as hard failures), but as described earlier,
automatic fault correction is also needed. This approach con-
tains a weight and power penalty, but the penalty in weight

is not as great as 1is indicated by a quick Jjudgment.

In summary, maintenance of the AGC is an unsolved problem at
the present time, and it is a difficult problem to solve. A
redundant computer design 1s the recommended solution.

VONNDELLIAL. -
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The maintenance tasks assoclated with the AGC are different
from the maintenance tasks associated with other systems in
the CM. The instruments and/or techniques that are developed
for the maintenance of the AGC will be unigue to the AGC, and
will not, in general, be applicable to the other systems.

3.0 Recommendations

The first part of this section will consider the merits of
in-flight maintenance vs. redundancy for some of the spacecraft
systems. The second part will consider various means of
implementing the confidence and diagnostic tests which have
been described in the previous system discussions.

3.1 Redundancy vs. In-Flight Maintenance

In the system by system discussions, 1t was pointed out that,
except in the case of the electrical power system, the present
estimated reliabilitles fall short of the design goals. It
was also pointed out that the electrical power system is the
only system which has made extensive use of redundancy to
increase the inherent system reliabilility. In the other systems
in-flight maintenance and sparing with its assocliated test
equipment has been the primary means of achieving the assigned
system reliability. In view of the many maintenance problems
that have been pointed out 1n the computer and PCM areas, one
might well ask if in-flight maintenance should be the accepted
means of increasing the reliability of these two systems.

To fully answer the question of whether to use redundancy or
in-flight maintenance for a particular system, a trade-off study
should be made on a modular and non-modular design of the system,
Although this was not done for any of the systems described
previously, a comparison was made between two similar systems
built by the same contractor. The systems considered were the
two PCM systems built by Radlation, Inc. One system 1s
presently being used aboard the Telstar satellite, and the

other is being built for use aboard the Apollo spacecraft.

Some of the characteristics of these two systems are shown in
Figure 30. The item of particular interest in this figure is
the breakdown of electrical and mechanical component weights

for the two systems. In the Telstar system, there is a weight
breakdown of seven pounds of electrical components and one pound
of mechanical components. In the Apollo spacecraft system,
there is a weight breakdown of 14 pounds of electrical components
and 36 pounds of mechanical components. Thus, we have a factor
of 18 to 1 in the difference between the weight ratios of
electrical to mechanical for the two systems. Although it
cannot be stated conclusively that this penalty i1s strictly

due to modularization of the PCM system, a quick look at the

two systems has revealed no other apparent reason. It should

be pointed out that a sub module used by Radiation, Inc. in
these systems is considered to be totally electrical components.
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Figure 31 1llustrates the mechanical construction of the two
systems. As may be seen from the figure, each module in the
Apollo spacecraft system® 18 entirely encased by metal;
whereas, 1n the Telstar system the modules are placed side
by side and the entire unit 1s inserted into a metal container.
Although the Apollo spacecraft PCM system as pictured in
Figure 31 can be mounted directly to the spacecraft, the
Telstar PCM system must be mounted with at least one inch

of echo foam all around 1t, whose welght 1s approximately
one pound. This welght was not included in the welight shown
in Flgure 30.

In the area of reliability, two ltems are of particular
interest. The first i1s that, usling the present Apollo space-
craft PCM reliabllity estimate, two such unlits would be
sufficient to meet the speclfled rellabllity. The second 1s-
that the Apollo PCM system rellabllity cannot exceed 100,000
hours MTBF due to estimated connector reliabllity alone.

In view of':

1. the penalties which may exist in terms of weight
and reliability for insisting on modularization of
the PCM system,

2. the difficulties which exist in diagnosing the PCM
system to a modular level, and r

3. the similarity between circultry and diagnostic
problems in the guldance computer and the PCM
system,

the following recommendation 1s made.

Review the basic system design cdncepts of at least the PCM
and computer systems to insure that in-flight maintenance ard
sparing ls the best approach to meeting the assigned relilabil-
itles.

The scope of this revliew should include such factors as
reliability, transients, welght, and power. 1In the reliability
calculations, consideration must be given to whether the system
is available for maintenance action and if sufficient time
exlsts for thls maintenance action.

*The Apollo spacecraft system conslsts of two simllar equip-
ment packages. Only one is 1llustrated here.

SSONMIBENF A
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3.2 Implementation of Confidence and Diagnostic Tests

Although Section 3.1 suggests a review of the design concepts
for the PCM and Computer systems, this Section includes a
discussion regarding test implementation, insofar as can be
recommended, for the same systems, given the present design

concepts.

3.2.1 Unique Problems

In Section 2.0, it was noted that the computer and the PCM
systems require unique types of measurements. Both systems
consist of digital circultry and require intricate timing
interfaces between the test equipment and the prime system.
Further, the signals existing in these systems are in the
form of pulses of usec or msec duration, requiring the test
system to sample a pulse and hold the result for display
purposes. This 1s in contrast to monitoring and displaying
the result, as may be done, for instance with a fixed level
DC voltage.

In the computer at present, there is virtually no abllity to
perform fault isolation. Four possible approaches to this
problem are discussed in Section 2.4.2. Two of these approaches
(a maintenance console and cut-and-try replacement of modules)
are unsatisfactory. Although cut-and-try replacement of
drawers in the computer is an acceptable solution to the
maintenance problem, this solution incurs the weight penalty

of redundancy with none of the advantages of redundancy. A
redundant computer design 1is the only solution that is
recommended,

PCM diagnosis has been partially solved by incorporating
gself-test circultry on a modular level. However, the
system is still only approximately 50% self-checked, and

in the programmer (the core of the system) there are filve
modules which contain no self-test circuitry. Further, the
complexity of the self-test circuitry in terms of number of
components varies from a "small fraction" of, to "greater
than" the complexity of the circultry being tested. The
"greater than" case is a unique situation, and the average
percentage of test circuitry probably lies somewhere
between 10 to 25 percent for those modules that are checked.
These facts are not meant as a criticism of the present

PCM design, but rather to indicate the cost of having to
test on a modular level for such a system.

Even in view of the weight penalties of the self-test
circuitry, the authors feel that this 1s the best approach

to testing the PCM system. Therefore, under the assumptlon
that the PCM system design will remain modular in construction,
the outputs of the presently incorporated self-test circuitry
are included in the tabulation of test points to be handled

by any proposed integrated in-flight test system.
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Another unique problem 1s that stimuli are required for the
SCS. It is recommended that the stimuli noted in Section
2.1.5.1 be provided.

3.2.2 Test Points to be Served by Integrated In-Flight
Checkout System

Figure 32 contains a summary of the test points that have been
suggested in the system by system descriptions. These test
points are additional to the displays presently provided. The
measurements on these points consist of fixed level, bi-level,
and variable level AC and DC voltages.

As shown in the tabulation of points, there is a total of

34 confidence test points and 212 diagnostic test points.

It should be recalled that the ground has been assumed to

be the primary source of confidence checks on the G & N
System, and in addition, the coupling display units and the
tests other than those already suggested are required. The
total of four diagnostic test points listed for the Apollo
guidance computer is not the number needed to diagnose the
computer, but is the total of the type that could easily

be handled by an integrated in-flight checkout system. If
the computer were to employ self-test circultry similar to
that used in the PCM system, the outputs from these circuits
would be in addition to the four shown here. The 13 outputs
from the PCM self-check circuitry are included.in the 26
diagnostic points listed for the Communications System.

3.2.2.1 Alternate Implementation Methods

Figure 33 lists several alternate means of implementing the
measurements summarized in Figure 32. Although the list is
not exhaustive, it covers what are considered as reasonable
approaches to 1lmplementation. To help visualize the various
proposed techniques, illustrations are given in Figures 34
and 35.

The PCM-Computer configuration depicted in Figure 34 is com-
prised of the present PCM and computer systems and not an
additional PCM and Computer system. In this configuration,
the PCM would serve as the informatlion gathering device and
the computer would serve as the information processing device,
The darkened portions of the PCM and computer blocks represent
essential additions to the present equipment and entail minor
alterations to the present designs and small weight penalties.
The addition* to the PCM system would consist of the circuiltry
required to accept requests from the computer for information

*Additional subcommutation circuitry may have to be added if
the measurements are not presently being telemetered to the

ground., :



47 -

on a particular channel., Thus it would consist of a channel
address matching register and the circuitry for gating the
data from the gselected channel to the computer. The addition
to the computer would consist of the required additional
memory to store the accepted levels and tolerances for the
various measurements and for the program to process these
tests. This configuration is not suggested as a means of
implementing tests which require the application of manually
applied stimuli. For this would be using the PCM-Computer
system strictly as a voltmeter and this is not considered to
be a reasonable approach to implementation of such measurements.
There are a total of 78 dilagnostic measurements which do not
require manually-generated stimuli and these 78 inputs are
shown in the block diagram of the PCM-Computer configuration.
To handle the other class of tests a VIVM is provided.

Figure 35 illustrates the other proposals. For instance,

the Multimeter/Hardline/Test Panel would be represented by
Figure 35 if the comparators were removed. For the Multimeter/
Patch Cord/Test Panel, one must picture the comparators

removed and a patch cord and connector in place of the large
bundle of wires shown in the figure. The patch cord would
consist of approximately 36 pairs of wires and would connect
from the test location to the unit to be tested. It is
estimated that this cord would be approximately 10 feet long
and that three different types of patch cords would be required
to cover the various systems. Further, it is assumed that
there would be a minimum of two cords of each type.

3.2.2.2 Selection of Recommended System Confidence Tests

The guidelines used in selecting the recommended system for
implementing confidence tests are shown in Figure 36. These
guldelines are in addition to the obvious requirements of
minimum weight, power, volume, maximum reliability, etc.,
which holds true for implementation of diagnostic tests as
well as confidence tests. The multimeter approach does not
satisfy the objectives of "providing quick fault detection"
and "attracting the crew's attention”. Therefore, this
approach 1s considered unsatisfactory.

The PCM-Computer configuration can be ruled out on the

"continuous availability" criterion, since there are periods
during the mission when the computer will be fully occupied
with functions other than checkout. Thus the only solution
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of the three proposed that will satisfy the confldence test
guidelines 1s the comparator/display panel. To satisfy the
guldelines for implementing confldence tests, the indications
from these individual comparators would have to be mounted
within easy view of the astronauts.

The recommended solution then for implementing the confidence
tests 1s to use 1ndividual comparators for each test poin

and display the outputs from the comparators within easy view
of the astronauts.

Diagnostic Tests

The four proposed solutions for lmplementing the dilagnostic
tests are again shown in Figure 37. The numbers shown immed-
iately below the ldentity of the varlous systems represent
estimates of the welghts of the respective systems. As
indicated in the figure, the weights range from a possible
minimum of 15 pounds to a possible maximum of 35 pounds.

" The advantages and dlsadvantages listed 1n the figure are
advantages or disadvantages of any one system with regpect

to the other three systems. A number of important factors,
listed at the bottom of Figure 37, are deemed to have similar
implications on all four systems. Partlcular note should be
made of the fact that all four proposed systems include a
multirange VIVM. It is also intended that the probes will
exist to permit use of the VIVM on all GSE points which may
be accessible, but are not included 1n the proposed implement-
ation.

To select one of the four systems the followlng procedure was
used:

1. Compare systems 4 and 3.

Conclusion - The weight saving of system 4 over system
3 does not justify the cost of decreased rellability.

2. Compare systems 3 and 1.

Conclusion - The advantage of system 3, namely simplicity,
is not worth the weight differential. Further, one would
probably have equally as complex a switching problem for
system 3 as for system 1, since i1t would be desirable to
be able to switch the VTVM across the comparator inputs

as well as those inputs not fed to individual comparators.




Compare systems 1 and 2.

Conclusion - System 1 is simple to use, provides faster
fault isolation, and is more adaptable to sending the
selected test data and its ldentity to the ground via
the PCM system.

In view of the above concluslons, and under the assumptions
that the PCM system wlll contaln self-test clrcultry as
presently planned, system #1 is the recommended implementation
of the diagnostic tests.

*.2.2.3 Purther Consideratlons

Although the PCM-Computer configuration has not been recom=-
mended as the means of implementing elther the confildence or
the diagnostic tests, consideration should be given to the
followlng arguments:

1.

Many of the human englneering gonsiderations have not been
treated. When additional data become avallable it may be
necessary or highly deslrable 0 decrease the astronaut
checkout tasks.

The role of the ground in assisting the crew 1ln checkout
activities has not been firmly established. It may be
determined that the ground should not be slaved to the
crew for Informatlion on diagnostic test measurements.

Overall system GO/NO-GO evaluations are made by the crew
by mentally processing the iInformation displayed on the
flight panel. The PCM-Computer conflguration can provide
this facility easily, should further studles indicate a
need for very quick overall evaluations at critical times
in the mission. Similarly, detailed test information
may be stored in the computer and dlisplayed to the crew,
elther upon demand or if tolerances are exceeded.

The computer rellabllity may be increased to the point
where 1t can Jjustifiably be consldered as a link in the
checkout system.

Therefore, to leave the door open to the possible weight
savings and lncreased capabillties of a PCM-Computer con-
figuration, 1t is recommended that the provisions be made in
PCM design to accept requests from the computer. The
additional circultry involved should not be very much, and
it appears to be a small penalty to pay at this time for the
ability of using the PCM-~Computer conflguration at a later
time if deemed desirable.

“OOMMBEATIAL
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4.0 Contrasts With NAA-IFTS

4,1 Integrated Test Equipment Concept

This report shows that ilntegrated test equlpment 1s not
universally appropriate for elther confidence or dlagnostilc
tests. Only some of the CM equipments are sultably tested
in this fashion, In particular, the PCM equipment and the
guidance computer do not lend themselves to such tests, and
the 'more basic proposition of whether or not these equlpments
should be maintalned by testing and repalr techniques has
been challenged. If, indeed, the malntenance concept 1s
tenable, then the present PCM testing approach, using self-test
circultry, 1s deemed the loglcal method of implementing tests
for this equipment. No maintenance recommendatlons can even
be made for the computer at this time. v :

4,2 Comparators and Display Lamps

Comparators and Display Lamps have been recommended in this
report solely in connectlon with the implementation of
confidence tests, as opposed to the NAA-IFTS concept for
using comparators and display lights for both confldence and
diagnostic tests,

4,3 Single Module Isolation

Rather than diagnosing malfunctions to within 2 or 3 modules,
it has been the objective 1in thls report to achleve single
module isolation, excepting only those cases where 1t appears
highly unreasonable to pursue this goal. Thils has lncreased
the number of test points beyond those  currently listed for
IFTS display, particularly in the SCS.

4.4 Hardware For Integrated_Equipment

This report recommends comparators and display lamps for
confidencé tests. For diagnostic tests a multi-range AC-DC
voltmeter 1s Jjudged most sultable. Requirements for signal
conditloning and comparator mode loglc are thereby reduced
from that required in the NAA proposal which employs com-
parators and display lights for both sets of measurements.

4,5 Stimull

Certain stimull requirements have been recognlized in this
report. In the SCS, low-level (0 - 5 v) 400 cps ac and
low-level dc voltages are appropriate, 1In the C&D subsystem
modulated rf stimull appear deslrable,
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5.0 QContinuation of Study

Aside from certain general concepts, only the CM/SM system
was treated in detall. In order to derive a complete set of
in-flight checkout requirements for Apollo, the study will
be extended to cover major ltems of interest which were
omitted.

1. The Lunar Excursion Module

2, S-IVB/Instrument Unit

3. Radar and Digital Command Systems of the Command Module

A number of problem areas were also pointed out in the report
as meriting more thorough analysis than was possible 1n the
time available. Notably, aspects of human factors, sparing

policies, sulisystem criticality, to name a few, will be con-~
sidered in the continuation of thls effort.
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# 2
TIMES AVAILABLE FOR CHECKOUT AND REPAIR
PRIOR TO KEY MISSION EVENTS*

AT COUCHES AT BAY

MIN MAN-MIN. | MIN | MAN-MIN
I. LEAVE EARTH ORBIT____ 55 135 70 210
2. LEM MANEUVER______ 20 60 - -
3. CORRECTION No./_____ 165 260 /75 525
4, CORRECTION No.2____| 195 195 780 1170
5. CORRECTION No.3_____ 210 210 1620 3480
6. CORRECTION No.4.____| 210 210 540 540
7. ENTER LUNAR ORBIT__. 60 100 — -
8. LEM DESCENT _____. 40 40 180 270
9. LEAVE LUNAR ORBIT._. 40 40 120 360

% g/MILAR RETURN TIMES
¢)12/é3

Figure 3
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Figure 5

CONMNPINIAL # =2
SCS PHYSICAL CHARACTERISTICS
approx | Approx | No.OF |mo.oFTYPes| USAGE
PACKAGE | \ EIGHT | VOLUMEEv™| MODULES | oF MODULES | TIME %
AGAD 10 400 4 2 100
ECA-P 28 900 i4 1] 100
ECA-Y 28 900 7 T 100
ECA-R 28 875 T 8 100
ECA-D 30 1060 29 I8 100
ECA-X 30 880 19 8 100
RGP 6 200 4 2 20
GPiI 6.0 ? | | 1.0
AV PANEL| 5.0 7 ; u 1.0
CONTROL
PANEL 7.0 oo | | 100
MANUAL
contrRoLs | 199 4 - = -
FDAI 12.0 550 | | 100
"~ TOTALI~ 200 4 ~100 | ~ 50
RGP
AGAP I
ECA'D —
3 _ECAR

ECA-Y —

ECA-X CyV ¢ /13 /43/

EAP —< /






CONFIDENCE TESTS

STATIC DYNAMIC
TEST STATUS SOURCE STATUS SOURCE
AV AV
FOAl PANEL GPI | NONE FDAl PANEL 6P1 |[NONE

ATTITUDE CONT.

PITCH, YAW

ROLL RATE X X

PITCH , YAW

ROLL ATTITUDE X X
 BMAG REFERENCE X X

GsN REFERENCE X X

MINIMUM IMPYLSE X X

AN, ATTITUDE CONT, X X

XY.Z TRANS, X X * X X ans
DEADBAND X X -
BMAG RATE BK-UP X X

DISPLAYS

FOAI X? XP) umiTeo

AV INDICATOR X X?  avteness

GPI X? X? .T::f.'m“r
av o

ACCELEROMETER PrERATION

% ELECTRONICS X X
- ENG. FIRE CIRCUITS X X

GaN TVC X X

$CS  TVC X X

RE-ENTRY

SWITCHING &

?
ROLL RATE X X?
SCALING FACTOR ofiafe
Figure 6



DIACNOSTIC TESTS

PACKAGE NO. OF TEST POINTS
ECA-P 31
ECA-R 36
ECA-Y 31
ECA-D 25
ECA-X 20
AGAP 4
RGP 4
TOTAL 151

ASSUMPTIONS:
e 1 MODULE ISOLATION UNLESS
PARTICULARLY IMPRACTICAL

o LIMITED DEPENDENGE ON
CORRELATION

6/13/63
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MEASUREMENT TYPES

NO. OF
POINTS

MEDIUM LEVEL DC-VARIABLE 0%6V__._.__ 15
MEDIUM LEVEL AC-VARIABLE O:6V____47
HIGH LEVEL DC-VARIABLE 0-Z8VD(._._44
HIGH LEVEL DC-CONSTANT >6V_____ 1

MEDIUM LEVEL DC-CONSTANT 1106V_____17
LOW LEVEL AC-CONSTANT <1V_____ 9
PULSES o o _ 5
¢ Ji3le3

Figure 8
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PYROTECHNIC
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TEST REQUIKEMENTS

* FLIGHT INSTRUMENT PANEL
« CONDUCTIVE KF NOISE

SUMMARY

o EXTENSIVE KEDUNDANCY (HEAVY UNITS)
NO MAINTENANCE PLANNED

o OPPOKTUNITIES FOK MAINTENANCE

« STUDY OF SPAKES vs. KEDUNDANCY
eg. INVEKTEKS.

Figure 11
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COMM ¢ DATA SUBSYSTEM
DEEP-SPACE EQUIPMENT
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- Y_i j B
ANTENNA
SWITCH

DUPLEXER

& -BAND
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COMM CONTKOL PANEL

PREMOD

400
CPS
INV |

———>1 DATA
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UNDEFINED EQUIPMENT
¢ CM-LEM COMM. EQUIPMENT
v VOICE

v RADAR
vETC.

¢ UP-DATA (DIGITAL COMMAND SYSTEM)

¢ ANTENNA SYSTEMS
“ VHF  OMNI
< VHF  RECOVERY
7 VHF  AUX. RECOVERY
«HF ANTENNA
S-BAND OMNI
v S-BAND DIRECTIONAL

*« NASA R4D FM XMTR

6//3/63
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PHYSICAL CHARACTERISTICS

APPROX.
SUBSYSTEM |WEIGHT MOLUME | # OF |*MODULE | USAGE |PREDICTED|AS16NED

EQUIPMENT (Les) | (in®) |MODULES| TYPES | TIME [RELIABILITY RELUBILITY
5-BAND TRNSPNDR| 17 | 1017 6 3 | 98%1(09898(0.9990

SBAND PWRAMP. | 18 | 570 | | | | 987%(03932(6.9192
PCM-TM 40 [1618 |42 | 22 [100 #%|03675 |0.9970

SIGNAL CONDITIONERY 31 67> | 44 | 7 |100 7509741 |0.9%96
AUDIO CENTER | 22 (1070 | 3 I [100 % (0.9959 (09995

DATA RECORDER | 22 | 938 | | UNK 09925101930

PREMOD PROC. | 10 | 377 | 6 6 |100 % (09948|09995
N

TV CAMERA | UNK | UNK | UNK | UNK | UNK |UNK | UNK

CBAND TRGPADR] 20 [ 570 [ | I | 2%09991 [0aqa9
VHEAM EQUIP | 11 [420 | 3 | 3 | 17 %|03991 |09994
VHF-FM YMTR.| & | 265 | 2 | 2 | 2% [09998(0.39M
VHF-RCWY BON.| ¢ | 140 | | I | 15%[09984|0.9999
VHF MUY I5 | 656 | | 17% | UNK |UNK
HE TRNGCVR.T 1T (265 | 4 | 4 | 15% (09995 [09994
TOTALS | 231+ [=8#°| 115+ 53+
S N3/63
Figure 15



COMMUNICATIONS ¢ DATA
SUBSYSTEM-LOWER EQUIP BAY

DATA STORAGE

SIGNAL COND.
PcM # PCM™2
VHF FM/ HF PRE MOD
XMTR / xevR | | MOUTIPLEXER | | oocEsSOR
S-BAND VHF AM AUDIO
Txeor || SEMOPA TGl eenll center
C-BAND
TXPDR

6/13/63
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OTHER
ALTERNATE [# ALTERNATE | ALTERNATE
MODES CAPABILITY CAPABILITIES
"5-BAND TRANSPONDER [REDUNDANT BACKLP SYSURETAR Wt snites
S-BAND PWR AMPLIFIER |REPAIR BUPASS
PCM-TM /516.COND. | REPAIR /ervarce SIENAL" | & 57 Rk /NONE
AUDIO CENTER ~ (REDUNDANT BACKUP S5, |masobiokir sickar ‘sver
PREMOD PROCESS0R |REPAIR BYPASS WHERE POSSIBLE
DATA STORAGE. RECORDER|REPAIR NONE
TV CAMERA AL paa e OF  INONE
CM-LEM COMM.  |UNDEFINED UNDEFINED
C-BAND TRANSPONDER. |S-BAND EQUIPMENT | EEPUNDANT 5-BAND
VHF-AM EQUIPMENT  |REPAIR aike i T
VHF-FM TRANSMITTER |REPAIR Sa-Bup squrmee
VHF RECOVERY BEACON |KEYED VHF-AM K VM,
OP. MULTIPLEXER  |BYPASS, IF POSSIBLE  |NONE

HF TRANSCEIVER

VHF-AM EQUIPMENT

WHF-FN TRANSMITTER
©S-BAND EQUIPMENY

6/3/63




CERMMNGEAINSAL.

S-BAND
TRANSPONDER
S-BAND PWR
AMPLIFIER
PCM-TM,/Sl6 COND s =\
AUDIO CENTER [® i ) —
CHANNELS
PREMOD Y ’ __l A
PROCESSOR  |usaw v
DATA STORAGE | recrer| | |vesror] N
RECORDER usAse usheE v
TV CAMERA | &l | -- | -~ [l == -~ |- |- --
CM-LEM COMM.| -~ | --|-- | M- --
C-BAND 1.2 [ U D U DA DA D B Y
TRANSPONDER | usset |
VHF - AM were| {1 ___l__1__Il__ __lxm-m
EQUIPMENT | usses -
VHF-FM aid S D DR D DO B D
TRANSMITTER | v -
VHF RECOVERY | vesrev| __|_ _|__{__|__ N
BEACON usAse co)
OPERATIONAL | wesroof _ | |__|__1__|__|__|__ e
MULTIPLEXER |"emv |pmene
WF TRANSCEMR Tl | - | -- [-- |-~ |-- -~ |-- | -- [

6li3l63
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EQUIPMENT LEVEL TESTING
EQUIPMENT | SUFFICIENT CONFIDENCE |ASSUMED INFO
: INFORMATION
XMTKS Output Waveform

Charactenstics
* Carrier Amplitude Carrier
e Camer Frequency Amplitude
* Modulation Waveform
RCVRS Demodulation Waveform Bositwe
o Fidelity ecoding Action
e $/N Ratio (A6C)
SIGNAL Transfer Function ‘
PROCESSORS | ¢ Fyaquency Response Attenuation
® Phase Characteristic
PCM In(llwduakg;g:seets ?&E’{fﬁ
NOTE. ALl cpnfidence tests require stimoli.

Figure 19
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CONSIOEN A

BASIC PCM EQUIPMENT
DIGITAL
INPUTS

TP

i . ‘ 11 ‘

musocuei=! ANALOGUE |} o POM )] pigiray.
neuts ESIMILTIPLEXER [ 5 ropep [THULTIEXER

RZ DATA

ouTpPuT =3
PROGRAMMER [ p2r o __f} o cc
POWER
FUNCTIONAL BLOCK__ [ OF MODULE [ MODULES TESTED

ANALOGUE MULTIPLEXERS 18 3
PCM BINARY ENCODER Y 2
DIGITAL NULTIPLEXER 6 6
OUTPUT REGISTER I I
PROGRAMMER " 5
POWER SUPPLY 3 3

TOTALS 4| 20

oli3le3

Figure 20
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CONND SRR

TEST POINTS REQ'D

EQUIPMENT NO. OF TEST POINTS

'WITH GRND. | W/O GRND.

CONF. | DIAG. | CONF. | DIAG.

S-BAND XPNDR 0 2 2 0
S-BAND PA. | (o) | 0
PCM 0 0O |>50 0o
SIG. COND. 0 2 p250 )] O
AUD. CNTR. 0 0 0 0
PMP 0 O LIS 4
DSE 0 0 o) 0
TV o 0 ! 0
C-BAND XPNDR o 0] 2 0
VHF -AM o 2 2 2
VHF-FM (0] 4 | 4
VHF- BCN 0 0 | 0
MUX 0 0) 6 0)
HF 0 3 2 3
TOTALS 1 153 112+ ] 13

ASSUMPTIONS:

¢ ANTENNAS WORKING ,GROUND ALWAYS TRANSMITTING
¢ TROUBLE SHOOTING AID
* SINGLE. MODULE ISOLATION, IN MOST CASES

6/3l63
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TEST POINTS REQ'D
EQUIPMENT NO.OF TEST POINTS

WITH GRND. | W/0 GRND.
CONF. [DIAG. | CONF. [ DIAG.
S-BAND XPNDR 2 1
S-RAND PA. 1 ©
PCM N/A | N/A
SIG. COND. N/A | N/A
AUD. CNTR. o o
PMP \5 4
DSE o o
TV o) 0
C-BAND XPNDR ? o
VHF -AM 2 3
VHF- FM o
VHF-RCN 1 o)
MUX 6 0
HF . 2 4
TOTALS 22 | 16
ASSUMPTIONS:

¢ ANTENNAS WORKING ,GROUND ALWAYS TRANSMITTING
¢ TROUBLE SHOOTING AID
* SINGLE MODULE ISOLATION, IN MOST CASES

Figure 22
/1363



APOLLO
[ MAJOK SUBSYSTEMS
GUIDANCE € NAVIGATION
[ DATA PROCESS |

KADAK

| scammnc
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SEXTANT

ASTRONAUT

|
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AGC

T |

Ccbu

PSA

Figure 23

| SPACECRAFT
!
B stamiuizamiong conrroL |
!
! )
f
i
I
i
1
PISPLAYS : ATTITUDE
¢ 3 CONTROL
CONTROLS. SYSTEM
!
APOLLO | ROCKET MOTOR
GUIDANCE g CONTROL OF

COMPUTER ;  TRUST MAGNITUDE

couPLIN]
DISHAY.
oNIT

: AUTOPILOT CONTROL
cowen, | OF THRUST DIRECTION

SERVO
Assemdly
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THE G¢N SYSTEM

MAIN PANEL
DISPLAY

¢/13/e3

Figure 24



PHYSICAL CHARACTERISTICS

WEIGHT | POWER | MTBF | DUTYCYCLE| N0, OF MobULES

IMU 67 LBS, | 273WTS. | 5900 HRS. | 15 % NO —
OPTICS | 32 134 [10300 | 257 NO—
PSA 50 NA | 2600 | NA | YES90
AGC 93 20 | 940 3% | YES TS
DISPLAY | 78 =I5 ? N/A NO

NAV. BASE| 85 N/A ? NA | NO
¢ WIKING

475 LES.

6/13/63
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BLOCK I PACKAGING Of INEKTIAL PSA

AGC
=-8I7 A
COUNTER
p%/a cbu
’ D¢ AMP
4 c 4
CURReNT] [ cALIE. ENCODSR | .
SWITCH MODULE ELECTRONCS [
AGC
‘-63 800~ AGC
|inTERROGATOR] ¥ 3 COMMANDS 1
= ‘- -U ....... '
: '&‘."J»‘tszetmm: GIMBAL [ dv; C{LI?? 4
cmmeeeevobonadl OO L 4 SERVO

' H AMP

] X X 'f'B—P_

1 52 PIPS y} IRIGS 800~57

p"' ________________ z ! o ‘ Kz
‘ 's
Teme PULSE TORQU|q  acc FAIC FC:A‘:‘: e AGC
CouT SUPPORT | inTerrO6ATE FIXED
i 25.6 Kc RSVR
v
CALTE. CURRENT| . cwmanps  B00-5%  scs

MODULE| — | swiTcd

—b
PXR

DC_AMP

b

v

O = IFT ACCESS POINT
O => IFTS MONITOR POINT
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APOLLO LOG/C DES/GN

CONTROL
® SINGLE -ADDRESS

® 2 MODES operATION ADDRESS
"NORMAL"' [ 3] 12 ] 8 INSTRUCTIONS

"EXTENDED" STEPI: LPj[ADDR l]\s INSTRUCTIONS

STEP 2 -J (MPY, DIV, SUB)
resuct [ ]

OVER NEW ADDRESS

FLOW
NEW OPERATION
® INTERRUPT
® 4 I-¢ INSTRUCTIONS
ARITHMETIC
MAGNITUDE
® PARALLEL sineLe meclsnouzs'[f]nl 14 ] 1PART IN 16,000
6
@ FIXED POINT pousLe meclsnou:ﬁ 28 1N 256
® TYPICAL TIMES ( u sec) MILLION
S.P. o.R INTERPRETIVE
X=A+B  ADD 94 188 3360
XxA-B MPY 20 996 4320
X=A/B DIV 304 1147 5630
o/3le3
Figure 27



APOLLO MEMORY

FIXED
- 18 DITS —

4
4096 s ERASABLE
WORDS 2 - 16 BITS —=
3 1024
WORDS
l6 PARITY 16
4K
4K
5 CAPACITY - 25,600
(worDS9)
CONTROL/ARITHMETIC
/2N
ROPE COINCIDENT CURRENT
@/Q — FERRITE CORE
6/1sk3
Figure 28



« PARITY

« POWER FAIL

e TC TRAP; RUPTLOCK , COUNTERLOCK
« INACTIVITY ,SCALER FAIL, L5 pps

« TEST PROGRAM
* INPUT-OUTPUT ECHO CHECKS
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CHARACTEKRISTICS

WEIGHT [ VOL | CHANNELS | POWER | BIT RATE |RELIABILITY
ELECT, MECH|  [AWAL. e (MTBF)

SYSTEM ! !

TELSTAR

(NON MODULAR)

ﬂ

ZAL| 104 © 16 |<400m| 16 B/S | 70400
IN3

SPACECKAFT|

(MODULAR)

=

e en e e e e e e e

\N
o~

l6i8 | 270 1 50 | 8 wars | 512 KB/S| 10,300
3
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SYSTEM
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TEST POINTS

GOAL:

1. PROVIDE INSTANTANEOUS STATUS
INDICATIONS.

2. |ISOLATE TO SINGLE MODULE IN
MOST CASES

IN_ADDITION TO FLIGHT DISPLAYS

L SYSTEM  [comrinence POINTS] PIAGNOSTIC PO
SCS 18 125
GéN

POA o 57
AGC o &
commMm. 16 26
TOTAL 34 212
SPECTKUM OF MEASUKEMENTS.
AC
D¢
FIXED LEVEL
VAKIABLE LEVEL
BI-LEVEL
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SGNIED Miihhir

ALTERNATIVE TEST SYSTEMS

cToENQDENCE MULTIMETER
5 COMPARATORS /DISPLAY PANEL
(54 TEST PONE) | D e\t —COMPUTER

DIAGNOSTIC | MULTIMETER/HARDLINE / TEST PANEL

TESTS MULTIMETER COMPARATORS /HARDLINE / TEST PANEL
A2 TEST FON) |\ TIMETER /PATCH CORY TEST PANEL
PCM-COMPUTER / VTVUM
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PCM-COMPUTER

CONFIGURATION
78
e eEt——
PCM COMPUTER M

DATA ﬁ
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PICTORIAL OF
IMPLEMENTATION SCHEMES

, f/ —1
COMPARATOR
LIGHTS
SWITCHES

G 13/43

Figure 35




CONFIDENCE TEST GUIDELINES

¢« QUICK FAULT DETECTION
¢ FEASIBLE WHILE CREW RESTRAINED

« ATTRACT CREW ATTENTION
« CONTINUOUS  AVAILARILITY

RECOMMENDED SYSTEM
COMPARATORS /DISPLAY  PANEL-
o WEIGHT ESTIMATE : 5-10 Ibe.
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ALTERNATIVE DIAGNOSTIC TEST SOLUTIONS
' B 3 3 y s
HAKDUNE/VTVM | PATCH CORD | COMPARATOR /. | PCM COMPUTER

PANEL ViV / PANEL e HARDLINE [PANEL/V TVM
PANEL/VTVM
5-25 -2 30-44 25-35
ASVANTAGES ADVANTAGES ADVANTAGES
MAXIMUM GROWTH | SIMPLEST TO USE | AUTOMATIC DATA
POTENTIAL TRANSMISSION TO
GROUND
DISADWVANTAGES PISADVANTAGES DISABVANTACES | DPISADVANTAGES
COMPLEX MORE MOVEMENT | HEAVIEST LEAST RELIABLE
SWITCHING REQUIRED
RESTRICTED
SEQUENCING
ADVANTAGES OVER ADVANTAGE RELAT| WEIGHT SAVING
2. SIMPLER TD \VE TO | NOT | RELATIVE TO 3
USE WORTH WEIGHT | NOT WORTH
FASTER FAOLT COST RELIABILITY
[SOLATION COST
MORE ADAPT-
ABLE TO PCM

TEST SYSTEM SIMILARITIES

SKILL REQUIRED OF CKEW
MAINTENANCE TIME

AVAILABILITY OF PACE TEST POINT USING PROBE

Figure 37
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